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WEST TEXAS BRANCH OFFICE 
Odessa, Texas —Telephone 217 


THOUGH thin logical sequence was often baffling 
to Dr. Watson, the marvelous deductions of Sherlock 
Holmes were always predicated on tangible evi- 
dence. Tangible evidence—in the form of large 
uncontaminated cores—is as essential to a geologist 
as “clues” were to Holmes. With the type of cores 
recovered by the Baker Cable Tool Core Barrel 
before him, the geologist has a complete and graphic 
illustration of conditions down in the hole—clearly 
indicating the type of formation penetrated. With 
the knowledge thus gained, he, too, can often have 
the satisfaction of saying, “Elementary, my dear 
Watson, elementary!” 


HERE'S WHY THE BAKER CABLE TOOL 
CORE BARREL TAKES BETTER CORES 
AT LESS COST... 


The efficient design and construction of this tool 
has been proved by thousands of successful runs in 
practically every major field where cable tools are used. 

The principle of having the inner (or core retain- 
ing) tube rest upon the formation while the outer (or 
drilling) barrel cuts the core, has proved satisfactory 
in hard or soft, loose or consolidated formations. 

In operation, the fluid is forced downward be- 
tween the outer and inner tubes to keep the cutting 
teeth of the drill shoe and the trimmer shoe cool and 
clean. This results in fast cutting and longer life of 
the sharp cutting teeth. 


Simplicity of operation is another important ad- 
vantage. It is only necessary to keep the valves clean 

. shorten the drilling stroke . . . slow down the 
drilling motion . . . and drill with a slightly slackened 
line. Any experienced driller, following these few, 
simple rules, can take good cores right from the start. 

You should have complete details and specifi- 
cations in your files. If you haven't got them, send 
today for the new Baker Catalog, or refer to the 
Baker Section of your 1937 Composite Catalog. 


BAKER TOOLS,INC. 


Telephone JEfferson 8211 - HUNTINGTON PARK, CALIFORNIA — 2959 E. Slauson Ave. 
Telephone WAyside 2108-HOUSTON PLANT AND OFFICE —6023 Navigation Blvd. 


MID-CONTINENT OFFICE AND WAREHOUSE: 
Telephone 2-8083 —Tulsa, Oklahoma— 312 East Fourth Street 
EXPORT SALES OFFICE 


Tel. Digby 4-5515 


ROCKY MOUNTAIN HEADQUARTERS 
Rm, 1914-19 Rector St., New York City Tel. 2230-Casper, Wyoming —Box 1464 


BAKER CABLE TOOL CORE BARREL 
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“IDEAL FOR GEOPHYSICAL RECORDING 


PAPER that retains its exceptional characteristics 
under severest conditions, Haloid Seismic Record is 


ideal for use in the oil fields. Thoroughly tested, in field 
and laboratory, it possesses remarkable resistance to ex- 
tremes of heat and humidity. 


Contrast is brilliant—blacks are deep, solid; whites 


clear and sparkling. Performance is uniform, manipulation 


easy, developing speed exceptional. What's more: curl 
and sheen have been reduced to a minimum. Yet, the 
price is no more than standard Grade B stock. 


Try it FREE under your own conditions. We will send 
you, without obligation one or several rolls of Seismic Record. 
Use it in your regular work . . . for the tough jobs. We know 
you'll share our enthusiasm. Write today. 


THE HALOID ROCHESTER, N. Y. 
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Completely Original ! 


Entirely Different! 
SPERRY-SUN’S 


CORE ORIENTATION 


SERVICE 


The Sperry-Sun Well Survey 
ing Company has estab- 
lished and now has ready 
for service a laboratory for 
the purpose of determining 
the orientation of cores. 


The value of knowledge of 
the direction of dip is evi- 
dent to any experienced 
operator or geologist, not 
only in the case of wildcat 
wells and core holes to de- 
termine structure, but in 
proven areas to determine 
when wells have passed 
through faults or crossed 
the axes of asymmetrical 
anticlines into areas from 
which they should be de- 
flected. 


The method employed is 
original and entirely differ- 
ent from those previously 
used. The superiority of 
Sperry-Sun's Polar Core Ori- 
entation (U.S. Patents 
1,792,639; 1,778,981 and 
others pending) lies, not 
only in its accuracy but 
also in the fact that it does 
not interfere with the 
progress of drilling. The 
orientation is determined in 
a laboratory, to which se- 
lected cores, taken by any 
type core barrels in the 
ordinary course of drilling 
and properly marked, are 
shipped from any distance. 
No special equipment is 
required at the well, there 
is no loss of drilling time. 
The resulting saving in time 
when translated into dol- 
lars shows substantial 
saving over former methods. 


5 ways to Drill 


STRAIGHT to greater Profits 
i p THE SELF CHECKING 


H-K Clinograph 


(Hewitt-Kuster) 


“H-K" designed for open 
holes only—provides perma- 
nent, accurate, photographic 
records of inclination and di- 
rection on paper discs five 
minutes after removing instru- 
ments from hole. (U.S. Patents 
1,812,994; 2,027,642 and others 
pending.) 


Tse THE SELF CHECKING 
SURWEL Gyroscopic Clinograph 


“SURWEL" provides a map of the well at all depths, 
prepared from actual photographic records, made while 
going in and coming out. (U.S. Patents 1,124,048; 
1,812,994; 1,898,473; 1,959,141; 1,960,038; 2,006,556; 2,012, 138; 
2,012,152; 2,012,455; 2,012,456 and others pending.) 


THE SELF CHECKING 
SYFO Clinograph 


“SYFO"—used on a wire line, as a "'Go-Devil' inside 
the drill stem, or on sand or bailing line in open hole— 
affords quick, inexpensive daily records of vertical devia- 
tion in drilling, without the use of dangerous acids. (U.S. 
Patents 1,962,634; 2,013,875 and others pending.) 


SPERRY-SUN WELL SURVEYING COMPANY 


Tulsa, Oklahoma 
425 Petroleum Building 


1608 Walnut Street, Philadelphia, Pa. 
Houston, Texas Long Beach, Calif. 
3118 Blodgett Avenue 549 East Bixby Road 
(3800 Block—Atlantic Av>.) 


Lafayette, La. Bakersfield, Calif. 
Bank of Lafayette Bidg. c/o Elks Club 
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SAFETY 
and ACCURACY... 


... WE X-RAY THE “SHOOTING STRING” 


You never hear of a Lane-Wells 
Gun-Perforator being lost in a well 
or accidentally detonating. That is 
because the 12,000-foot string of 
steel cable with its core of insulated 
conductor wire has been pre-tested 
in every conceivable manner. From 
the outset, Lane-Wells engineers 
have visualized every possible 
hazard and have devised com- 
pletely preventive safeguards. 
When a Lane-Wells Gun-Perforator 
is lowered into a well it has positive 
and proven control going in,—fir- 


Note: Devices used and method of operation are fully 
protected by U.S. Patents and Foreign Patents pending. 


Other Lane-Wells Products and Services... 
Liner Hangers, Anchor Formaticn Packers, Rat-Hole Packers, Well 
Washers, Strata-Graph and Lo-Kate-It Services (outside of California, 
under license from Oil Well Water Locating Co.) 


LOS ANGELES. CALIFORNIA 


ing.—and in coming out. Every foot 
of the one-piece electric core within 
the steel cable is given an inch-by- 
inch X-Ray examination to insure 
against thin or uneven insulation, 
kinks, and other defects. The result 
is that Lane-Wells Gun-Perforating 
at any depth is as accurate and as 
dependably controlled as if the job 
were being done in full view on the 
surface. In addition to every me- 
chanical precaution you have the 
field services of our thoroughly ex- 
perienced “Shooters.” 


LS“ 


_ The Lane Wells Co. of Texas Houston 


Corpus Christi The Lane Wells 
of Oklahoma . Oklahoma City and 
Tulsa * The Lane Wells Co.. New York 
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Are Your Geophysical 


Data Permanent? 


Permanent data saves considerable time and money 
in field operations and eliminates errors which creep 
into non-permanent geophysical data. 

Data obtained with Askania Magnetometers and 
Torsion Balances are permanent because natural physi- 
cal forces are accurately measured and the data secured 
can be checked at any time—this year or five years from 
now. 

This is not true of methods where to measure physi- 
cal effects artificial means have to be used. 

Investigate the superiority of Askania Magnetom- 
eters and Torsion Balances for the securing of per- 
manent, accurate geophysical data. 

A request will bring you complete information with- 
out obligation. 


AMERICAN ASKANIA CORPORATION 
HOUSTON, TEXAS 
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The relative value of "inhibited" versus ‘raw 
acid is not a matter of argument. So definitely is 
Dowell demonstrating the greater effectiveness, 
safety and ultimate economy of Inhibited Acid- 
izing that thousands of producers, both large and 


small, will trust their properties only to Dowell. 


DOWELL INCORPORATED 


Subsidiary of THE DOW CHEMICAL COMPANY 
General Office: Kennedy Bldg., Tulsa, Okla. 


DISTRICT OFFICES 


ADA, OKLAHOMA LONG BEACH, CALIFORNIA SEMINOLE, OKLAHOMA 
coDY, WYOMING McCAMEY, TEXAS SHELBY, MONTANA 
EUREKA, KANSAS MIDLAND, TEXAS SHREVEPORT, LOUISIANA 
GREAT BEND, KANSAS MT. PLEASANT, MICHIGAN STONEWALL, OKLAHOMA 
HAYS, KANSAS NEWTON, KANSAS TULSA, OKLAHOMA 
HOBBS, NEW MEXICO SEGUIN, TEXAS WICHITA, KANSAS 
LAWRENCEVILLE, ILLINOIS WICHITA FALLS, TEXAS 

Now in MEXICO... And in CALIFORNIA... 

Dowell Sociedad Anonima, Dowell Incorporated, 

Apartado 2424 310 Santiago Avenue 

Mexico, D.F., Mexico Mail Address: P.O. Box 229 

Telephone: 84766 
Tampico, Tamaulipas, Mexico Long Beach, California 
* 


OIL AND GAS WELL CHEMICAL SERVICE 


*Trade Mark Registered U. S. Patent Office 
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THE PERMIAN FORMATIONS OF THE PECOS 
VALLEY OF NEW MEXICO AND TEXAS! 


WALTER B. LANG? 
Washington, D. C. 


ABSTRACT 


Abrupt changes in lithologic character of the sediments as they pass from the sub- 
sidiary Delaware basin into the main Permian basin have made difficult the correla- 
tion of the Permian strata in the Pecos Valley. These sediments are here divided into 
three regional zones and an attempt is made to clarify by diagram their lateral relation- 
ships and to explain briefly the essential causes for their lithologic variations. A full 
section of Permian strata is shown and tentative correlations are proposed with forma- 
tions of northern Texas and Oklahoma. The southern Permian basin presents the thick- 
est and most continuous record of Permian sediments in the United States. Structural 
movement is suggested as the primary cause for reef development. The composition of 
a sediment commonly determines the color; the color of the Permian sediments is con- 
sidered to be an index of the degree of salinity of the water in which they were deposited 
and to indicate their relative position in the basin at the time of deposition. The Per- 
mian sands are believed to have come from Llanoria and Appalachia. 


Part I 


INTRODUCTION 


Since Murchison’s historic investigation of the rocks of Russia 
which led him across the vast expanse of redbeds lying west of the 
Ural Mountains and resulted in the recognition of a new system® in 
1841, problems concerning this assemblage of rocks have been 
numerous and controversial. In England and Wales Murchison and 
others had previously observed unfossiliferous red sandstones, con- 
glomerates, and the Magnesian limestone lying above the Coal meas- 
ures. In Germany the Zechstein, in Belgium the Penéen conglomerate, 

1 Presented before the Association at Tulsa, March 18, 1936; the West Texas 
Geological Society at Midland, Texas, April 4, 1936; the Geological Society of New 


Mexico at Carlsbad, New Mexico, May 2, 1936. Manuscript received, April 14, 1937. 
Published by permission of the director of the United States Geological Survey. 


2 United States Geological Survey. 


3 Murchison, Verneuil, and Keyserling, The Geology of Russia in Europe and the 
Ural Mountains, Vol. I (1845), pp. 137-41. 
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and in France a red sandstone had yielded few fossils or none at all. 
The formations that Murchison found were only partial represent- 
atives of the sequence of rocks that spread over more than one-third 
of Russia and to which he gave the geographic name Permian from 
the ancient kingdom of Permia. 

It was not until 1858 that Permian rocks were known to exist as 
such in America. G. G. Shumard, who was acting as geologist with 
Capt. John Pope’s expedition in western Texas and New Mexico, 
collected fossils during his reconnaissance‘ west of the Pecos River in 
1855. These were subsequently submitted to his brother, B. F. Shu- 
mard, for examination, who reported’ the results of his findings before 
the St. Louis Academy of Sciences and announced that the fossils 
were from Permian strata. 

The Permian strata of the Pecos Valley are of more than usual 
interest because of the presence of geologic features not common to 
sedimentary deposits. Here enormous limestone reefs grew under con- 
ditions that caused anomalous variations in sedimentation. These 
marked changes in the lithologic and biologic character of the sedi- 
ments have made correlation difficult. It is the purpose of this paper 
to propose a correlation of the Permian strata of the Pecos Valley 
and to provide a system of nomenclature that should facilitate 
future work in the area. 

The writer has gained a perspective of southern Permian basin 
geology while in charge of potash investigations for the United States 
Geological Survey covering a period of more than a decade. This 
preliminary reconnaissance with its voluminous collection of sample 
data, the other urgent requirements of the investigation and the 
following five-year period of core drilling of the Salado halite, left 
little opportunity for other than cursory examinations of the ex- 
tensive outcrops of Permian rocks along the margins of the basin. 
These examinations were sufficient only for the immediate economic 
problem at hand. 

The outcrops along the borders of the basin reveal the rocks that 
lie deeply buried beneath the extensive central basin area, and they 
are there covered by many kinds of surficial deposits of different ages. 

The Permian deposits of the basin contain the economic products, 
oil and potash, for the discovery and development of which the 

*G. G. Shumard, A Partial Report on the Geology of Western Texas, Austin State 
Printing Office (1886), Chap. V, pp. 88-96. 


5 B. F. Shumard, “Notice of New Fossils from the Permian Strata of New Mexico 
and Texas,” Trans. St. Louis Acad. Sci. (March 8, 1858). 
, “Notice of Fossils from the Permian Strata of Texas and New Mexico,” 
Trans. St. Louis Acad. Sci. (1859). 
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Fic. 1.—Key map of the Pecos Valley area of New Mexico and Texas, on which are shown the 
Delaware basin and related surface and subsurface features. Localities from which some names of forma- 
tions are derived are shown. Exposed parts of the Capitan reef are shown by a solid line. Lines N-S and 
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study of the subsurface geology was of primary importance. But, 
outcrops of Permian rocks on opposite sides of the basin do not agree 
in color or lithology. From an interpretation of well records a more 
and more definite conception of the stratigraphy between the outcrop 
areas has evolved. This has come about only through the combined 
efforts of a host of geologists and a liberal spirit of codperation. To 
the many field geologists engaged in the development of the petroleum 
industry whom it has been the pleasure of the writer to know, he 
expresses his debt of gratitude for their many helpful kindnesses. 
In addition, he is particularly indebted to P. B. King and to H. D. 
Miser for their generous criticisms and suggestions. 


HISTORY OF GEOLOGICAL EXPLORATION 


Though the Spanish explorers ventured into the region of the 
Permian basin in the 16th century, geological interest was not 
aroused until the period of the gold rush to California in 1849, which 
created a demand for information concerning stage-coach routes. 
Pope’s investigation for water in 1855, in which Shumard assisted 
as geologist,* is probably the first attempt to apply the geology of the 
area to practical purpose. Later came the railroad surveys, mineral 
surveys, studies in hydrology, and finally the stimulus in the search 
for and production of oil and potash. The early publications appeared 
at irregular intervals during a period of 75 years—those of the 
Shumards, Hill, Tarr, Girty, Richardson, Udden, Beede,’ and others— 
but since the establishment of crude oil production in West Texas in 
1925, many reports have been written giving new observations and 
interpretations based on subsurface as well as surface geology. These 
more recent reports have sharpened the hitherto nebulous picture of 
Permian basin geology and disclosed the presence of the Delaware 


6G. G. Shumard, A Partial Report on the Geology of Western Texas, etc., Austin 
State Printing Office (1886). 


7G. G. Shumard, op. cit. 

B. F. Shumard, “Notice of New Fossils from the Permian Strata of New Mexico 
and Texas, etc.”’ Trans. St. Louis Acad. Sci., 1858, Vol. 2 (1860), pp. 290-97. 

R. T. Hill, “Physical Geography of the Texas Region,” U.S. Geol. Survey Topo- 
graphical Allas, Folio 3 (1900). 

R. S. Tarr, “Reconnaissance of the Guadalupe Mountains,” Geol. Survey of Texas 
Bull. 3 (1892). 

G. H. Girty, “The Guadalupian Fauna,” U.S. Geol. Survey Prof. Paper 58 (1908). 

G. B. Richardson, ‘“‘Report of the Reconnaissance in Trans-Pecos Texas, North 
of the T. and P. Ry.,” Univ. of Texas Mineral Survey Bull. 9 (1904). 

J. A. Udden, “‘Notes on the Geology of the Glass Mountains,” Univ. of Texas, 1753 
(1917), pp. 3-59; “Laminated Anhydrite in Texas,” Bull. Geol. Soc. America, Vol. 35 
(1924), PP. 347-54. 

J. W. Beede, “‘The Correlation of the Guadalupian and Kansas Sections,” A mer. 
Jour. Sci., 4th ser., Vol. 30 (1910), pp. 131-40. 
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basin, a subsidiary basin that was of major importance in its effect 
upon sedimentation. 


PERMIAN PROVINCES AND BASINS IN THE UNITED STATES 


The Permian deposits of the United States, except for certain 
minor occurrences, may for convenience be considered as occupying 
two major provinces: the Rocky Mountain and Plateau areas and 
the Mid-Continent area. The dividing line between these two major 
provinces is the trace of the Rocky Mountain front and the east 
front of the mountains farther south. Scattered minor outcrops of 
the Permian occur both in the Atlantic (Dunkard group of West 
Virginia) and in the Pacific coast states. The deposits of the Mid- 
Continent constitute a large area that is generally referred to as the 
Permian basin. This basin may again be divided into two parts, the 
northern Permian basin and the southern Permian basin. The 
southern Permian basin is defined as the area south of the Amarillo- 
Wichita uplift, west of the Bend arch, north of the Marathon folded 
belt, and east of the Sacramento Mountains. Within this southern 
division are now recognized two distinct depressions—the Midland 
and Delaware basins. 


GENERAL GEOGRAPHY AND GEOLOGY OF THE 
SOUTHERN PERMIAN BASIN 


The great bulk of the Permian deposits of the southern Permian 
basin is concealed from view by Triassic, Cretaceous, Tertiary, and 
Quaternary deposits. On the east where these Permian beds crop out 
they are largely represented by redbeds, and on the west by lime- 
stones and sandstones of a different color. The changes in lithology 
and color of these rocks occur beneath an extensive mask of cover 
rock and have been a source of difficulty in correlation. The Permian 
limestones, which are fossiliferous and therefore offer more definite 
evidence for correlation, are best exposed in the Guadalupe, Dela- 
ware, and Sacramento mountains which border the basin on the 
west. A study of these exposures serves as an aid to the interpretation 
of subsurface geology. 


THE GUADALUPE MOUNTAINS 


The Guadalupe Mountains form a cuesta and constitute the high- 
land area west of Carlsbad, New Mexico, which gradually rises from 
an altitude of 3,100 feet in the Pecos Valley to 8,751 feet, 60 miles 
farther west, where they are cut off by a series of faults. A portion of 
this cuesta which stands higher than the rest has the form of a V. The 
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Carlsbad limestone which blankets the Capitan limestone beneath it. The Capitan limestone is to be 
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left side or western limb of the V consists of the Guadalupe Moun- 
tains proper, which constitute a northwest-southeast trending table- 
land and which form the highest portion of the Guadalupe cuesta. 
This part of the cuesta is bordered on the west by faults and on the 
east by a monocline (1,100+ feet high) to which is given the name 
Huapache monoclinal fold (Fig. 2 and Fig. 12). The eastern limb of 
the V has a different origin and relation to the stratigraphy of the 
area. It is composed of reef limestones laid down on the margin of 
the Delaware basin and it is here proposed to call it La Barrera del 
Guadalupe (the barrier of the Guadalupes). The northeastern portion 
of the Barrera is cut through by two deep canyons, Rocky Arroyo 
and Dark Canyon. Between these two canyons is a tableland which 
is here named Azotea Mesa, and the northeastern end of the Barrera 
north of Rocky Arroyo is commonly known as the Seven Rivers 
Hills. The trend of the front of the Barrera is sinuous. Fifteen miles 
southwest of Carlsbad an abrupt change in the trend (Fig. 2) occurs, 
forming the Cueva re-entrant, which is the most pronounced devia- 
tion in trend to be seen along the reef front, and suggests the possible 
occurrence of similar variations in the subsurface geology. The Guada- 
lupe Mountains proper and the Barrera are composed of resistant 
limestones but between them there once lay less resistant sandstones, 
anhydrites, and redbeds, and their removal by erosion has formed the 
Seven Rivers embayment. The southern part of this embayment is 
drained by two systems: Rocky Arroyo, which carries off all water 
falling within Indian Basin and the drainage area of Three Forks, 
and the Last Chance-Wagontire-Trimble Canyon system, which 
drains the waters of Sotol Basin into Dark Canyon. Sotol Basin lies 
at the southern tip of the embayment between the Hess Hills and the 
Huapache monoclinal fold. 

Origin of nomenclature—The name Guadalupe is probably of 
Moorish derivation. Columbus, in 1493, named an island of the West 
Indies Guadalupe after the Spanish Madonna. The Rio de Guadalupe 
of Texas received its name during subsequent explorations of the 
Gulf Coast about 1519 or shortly thereafter. The earliest record of 
its appearance on a map that has come to the attention of the writer 
is that of the Ulpius Globe* of 1542. Subsequently the highland 
watershed of Rio de Guadalupe, now known as the Edwards Plateau, 
was called the Guadalupe Mountains. Later maps show a shift of 
the name to a range of mountains in New Mexico that was located 
east of the Pecos River (Fig. 3). Not until about 1849 was its present 
geographic position west of the Pecos recorded. Whether the name 


8 In possession of the New York Historical Society, New York City. 
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Guadalupe came to be applied to the mountains by this means or by 
an alternative course from the Shrine of Guadalupe is not known. 
This shrine, located 3 miles from Mexico City, Mexico, was estab- 


‘lished shortly after the supposed appearance of the Madonna to a 


poor Mexican on Saturday, December 9, 1531. Salt Flat, which lies 
west of and at the foot of the Guadalupe Mountains, very shortly 
after the Spanish conquest became a source of salt for Mexico City 
and as the pioneer trade route to Santa Fe crossed the Rio Grande at 
El Paso del Norte, these mountains were virtually in sight of the 
travellers. Thus the hardy adventurers had two natural means of 
approach to the mountains: (1) a course up the Pecos Valley from 
the Gulf Coast, a route that later became much used in the 19th 
century, and (2) the inland trade route from Mexico City to the 
upper Rio Grande Valley. There appears, however, to be no specific 
record indicating from which source the Guadalupe Mountains re- 
ceived their name. 

The Guadalupe Mountains end southward in a bold precipitous 
promontory 1,300 feet high, which is formed by the Capitan lime- 
stone set upon a pedestal of sandstones belonging to the Delaware 
Mountain formation (frontispiece). This magnificent scarp, visible 
for a radius of more than 100 miles, is referred to by the inhabitants 
of the region as Guadalupe Point, the Point of the Guadalupes, or the 
Point of the Mountains, the last two terms having a more inclusive 
interpretation covering not only the Point but also the wedge-shaped 
area immediately back of the Point. One mile north of the Point 
(8,078 feet) is the Peak (8,751 feet), the highest part of the Guada- 
lupes, and also the highest point in Texas (Fig. 14). It was known to 
the Apache Indians as Smoke Mountain, for from its summit they 
signalled for great distances by means of smoke and flame. The 
name “Sentinella,” which strangely appears on the excellent map of 
Col. Monroe of the U. S. Topographic Engineers of 1851 and is a 
variation of the Spanish centinela, meaning sentinel or signal, may 
have reference to this fact. Both the old settlers and those living 
within the mountains know of it as Signal Peak. 

Early descriptions by Bartlett, Pope, Shumard, and Hill lack 
precision with reference to the Point and the Peak. Though Hill used 
Guadalupe Peak on his map of Texas and New Mexico (1899), his 
descriptions are not consistent. Tarr states “the point of the moun- 
tains is a precipice in white magnesian limestone fully two thousand 
feet high, which suddenly terminates the mountain” and “is just 
south of Guadalupe Peak, the highest point.” Richardson, in his 
reconnaissance of the trans-Pecos, introduced in 1904 the name El 
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Fic. 3.—Part of Disturnell’s Map of the United Mexican States of 1847 covering southeastern New Mexico 
and western Texas. This map was used by the committee in formulating the Treaty of Guadalupe-Hidalgo in 1848. 
Note the position of the Guadalupe Mountains with reference to the Pecos (Puerco) River. After 1850 more ac- 
curate maps of the area began to appear. 
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Capitan for the Peak, following information that was given him by 
ranchers living in the flat. This name has found general usage in 
geological literature. In 1909 the United States Coast and Geodetic 
Survey referred to this summit as Cone Peak. Unfortunately the 
name El Capitan is in conflict with that of a high peak (10,083 feet) 
of the Capitan Mountains of New Mexico, 120 miles farther north, 
and each is visible from the other on clear days. A recent decision of 
the Board of Geographic Names makes the name Guadalupe Peak 
official for the Peak and applies the name El Capitan to the Point. 
In this paper these features are hereafter referred to as the Peak and 
the Point. 

The Guadalupe fault——The Guadalupe fault or fault zone, as it is 
in some places a multiple fault, lies along the eastern side of Salt 
Basin, which is one of the largest internal drainage depressions in the 
Southwest (Fig. 26). The fault line trends north 20° W. and extends 
150 miles (Fig. 1) from the Davis Mountains in Texas to the head of 
Lewis Canyon in New Mexico, where the Guadalupe Mountains merge 
with the Sacramento cuesta. It forms the western boundary of the 
Guadalupe, Delaware, and Apache mountains. The greatest amount 
of displacement, which occurs in the vicinity of Salt Flat, gradually 
diminishes northward to Four Mile Canyon on the north side of 
Lewis Peak, where there is no apparent rupture of the San Andres 
limestone. North of Four Mile Canyon and west of Dunken an 
east-dipping monoclinal fold appears to be a reversal of the fault 
and an extension of it. The scissors point lies in the vicinity of Four 
Mile and marks the intersection of the two structural systems of the 
region. 

THE BROKEOFF MOUNTAINS 


The Brokeoff Mountains® are, as the name implies, a broken-off 
segment of the Guadalupe Mountains as a result of multiple hinge 
faulting in the Dog Canyon area (Figs. 2 and 4). A series of parallel 
valleys and ridges have resulted from the differential displacement 
and tilting of the blocks in the back reef. The massive reef limestones 
were apparently more competent and the displacement of the rocks 
here has been concentrated more or less in a single fault plane, which 
forms the Guadalupe Escarpment. Much minor faulting occurs 
throughout the Brokeoff Mountains, though where they make con- 
nection with the Guadalupes faulting is especially prominent. The 


® These mountains have not before been known by name. To them is here given the 
name Brokeoff Mountains. Some ranchers have used Brokeoff for Cutoff Ridge, the 
precipitous west-facing ridge which lies between the PX trail and West Dog Canyon. 
For this ridge the name Cutoff Ridge is retained. 
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Brokeoff Mountains are composed essentially of Dog Canyon and 
San Andres limestones, and interfingering sandstones are most con- 
spicuous at the south end. The beds are slightly arched. Faults paral- 
leling the axis of the mountains interrupt the continuity of the beds. 
Cross faults are also present. The dip is northwestward, very slight at 
the southeast, but increasing greatly in degree in the western and 
northern parts of the mountains. South Canyon exposes a section of 
Dog Canyon limestone overlying the San Andres. On the steep west 
face of Cutoff Ridge some of the strata lie at a steep angle on the face 
of the slope, and their attitude is probably a consequence of fault 
drag and erosional slumping. 


DELAWARE MOUNTAINS 


Directly'® south of the Guadalupe Mountains are the Delaware 
Mountains. Together they form an integral part of the western 
margin of the eastward-dipping Guadalupe monocline which is 
faulted on its west side. The Delawares are far less imposing moun- 
tains than their northern neighbor, rising only to elevations of 5,500 
feet. They are composed of sandstones laid down in the Delaware 
basin, which are less resistant than the limestones in the Guadalupe 
Mountains farther north. The western, or limestone rim of the basin 
has in this region been faulted off, and engulfed in the graben valley 
of Salt Basin. The west-facing bajada slope exposes the sandstones 
and limestones of the Delaware Mountain formation. The cuesta 
slope is gentler than the dip of the rocks and it is therefore capped by 
younger formations of the Permian, Triassic, Cretaceous, and Quater- 
nary, as one progresses eastward to the Pecos Valley. 


SACRAMENTO MOUNTAINS 


Northward the Guadalupe monocline merges with the median 
portion of the eastward tilted Sacramento monocline (Fig. 1). The 
crest of the Sacramento Mountains occupies the western rim of this 
monocline and lies 80 miles west of the Pecos River. The Guadalupe 
monocline joins the Sacramento monocline at Lewis Canyon only 40 
miles west from the Pecos River. The western slope of the Sacra- 
mento Mountains is composed of two abrupt steps and exposes rocks 
of pre-Cambrian to Permian age. The first step down includes the 
Permian rocks; the second step the Pennsylvanian to pre-Cambrian 


10 The name is derived from the Delaware Indians. They originally lived on the 
Atlantic coast but refusing to submit to colonial control moved westward into Ohio. 
With subsequent encroachment by the white settlers into the Ohio and Mississippi 
valleys, the remnant bands of these independent Indians moved on into Oklahoma and 
Texas. 
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rocks. In north-south section this western exposure facing the 
Tularosa basin appears as a broad flat anticline. On the north are the 
post-Cretaceous intrusions of the Sierra Blanca and Capitan Moun- 
tains, the latter having an anomalous east-west trend. The Sacra- 
mento cuesta is essentially a dip slope and the San Andres limestone 
caps practically all of it. In minor folds and in canyons older rocks are 
revealed. 


THE PECOS VALLEY AND THE LLANO ESTACADO 


The cuesta slopes of both the Sacramento and Guadalupe moun- 
tains are interrupted by a cover of younger formations east of the 
Pecos River, which rise eastward by steps to the Llano Estacado or 
cap rock. The Llano Estacado is a very flat plain with a slight south- 
eastward slope. It is underlain by a variable thickness of Tertiary 
sands and gravels deposited upon a floor of Triassic and Cretaceous 
rocks. It is capped by a Quaternary (?) caliche approximately 1o 
feet thick, which is in turn covered in places by Recent windblown 
sands and silts. The deposits of the plain thin out toward the south 
where the Cretaceous rocks of the Edwards Plateau come to the sur- 
face. The escarpment of the Llano Estacado facing the Pecos Valley 
in places attains a height of 200 feet or more and exposes Tertiary 
and Triassic deposits along its base. In other places the scarp fades 
out and is almost unrecognizable as such. Between the Llano Estacado 
and the Pecos River are younger caliche caps and irregular accumula- 
tions of residual and windblown sands. The geographic feature known 
as the “‘Mescalero Sands”’ lies immediately west of Mescalero Ridge, 
the western escarpment of the Llano Estacado. 


DESCRIPTIONS OF CROSS SECTIONS 


Some rock formations of the Pecos Valley of New Mexico and 
Texas, although simple in structure, are of a complex sedimentary 
character and have for that reason proved difficult of correlation. 
Many of the units are chemical in origin, lenticular, and non-fossilif- 
erous. Those that are fossiliferous in many places change facies 
within short distances or terminate abruptly. West of the Pecos 
River in the Delaware, Guadalupe, and Sacramento mountains, 
more fossiliferous Permian rocks crop out. East of the Pecos they dip 
beneath younger sediments and are known only by drill records. 

The section shown in Figure 5 is a diagrammatic representation 
of the Permian formations of the Pecos Valley, generalized and sim- 
plified to incorporate the essential features discernible both in out- 
crop and in sub-surface. The section was drawn along a north-south 
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line parallel to the Lea-Eddy County boundary, originating at a 
point a few miles south of the Texas line and extending northward 
to the latitude of Roswell, New Mexico. Figure 6, which shows similar 
stratigraphic features, was drawn along an east-west line extending 
through the south end of section, Figure 5. In it the Upper Permian 
formations on the west have been removed by erosion. This leaves 
exposed the Capitan and Carlsbad limestones, which on the eastern 
side of the Delaware basin are buried beneath 3,000 feet of sediments, 
including the Triassic redbeds. 


LATERAL AND VERTICAL ARRANGEMENT OF THE FORMATIONS 


It is apparent from these sections that the formations within the 
Delaware basin, along its rim and beyond, are not all simple con- 
tinuous units apparently flexed by structural movement, but termi- 
nate sharply, interlocking with or overlapping their contemporaneous 
neighbors. The lithologic change is generally abrupt and most of 
these transitions occur in the space between two monoclinal flexures, 
whose axes serve to define three sedimentary provinces. Nomen- 
clature of the formations is grouped into three geographic zones: 
(1) the Delaware basin or fore-reef province, (2) the reef-zone 
province, and (3) the back-reef province. These provinces are con- 
tinuous about the rim of the basin. By confining the names of several 
of the formations to their respective zones, three geographic provinces 
are established with a set of geologic names for each province. 

The Permian may also be divided vertically into three parts—the 
Lower Permian, which is represented by the Bone Spring limestone 
and the equivalent units down to and including the Abo sandstone 
(=Wolfcamp); the middle or Delaware Mountain time unit, which 
includes the period of greatest reef development; and the upper or 
sequence of chemical precipitates. These separations are shown on 
Figure 5 by heavy lines and represent periods of marked deposi- 
tional change and structural movement in the Permian of this area. 
The marine facies of the Permian is best represented in the Delaware 
basin and attained its maximum in Bone Spring (=in part Chupa- 
dera) time. The Delaware Mountain formation interfingers in the 
reef zone into formations that change abruptly into different litho- 
logic units constituting a series of reef growths. The Lamar limestone 
member is correlated with the top of the Carlsbad limestone (Fig. 21). 
The back-reef zone was the realm of chemical precipitation during 
the various stages of reef building. None of the major formations 
escaped the inclusion of sediments of chemical origin. The precipita- 
tion of chemical sediments reached a maximum in Salado time and 
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spread with greater continuity and uniformity over this area than did 
any other Permian formation of this type. 


FORMATIONS OF THE BACK REEF 
ABO SANDSTONE 


The Abo sandstone is the basal formation of the Permian in 
southeastern New Mexico. It was named by Willis T. Lee" in 1909 
from Abo Canyon at the southern end of the Manzano Mountains. 
It is also exposed on the western or bajada slope of the Sacramento 
Mountains, where, dipping slightly eastward in conformity with the 
overlying formations of the cuesta, it descends beneath the Pecos 
Valley to be encountered only by wells drilled to great depth. The 
Abo is 700 feet thick in the Sandia Mountains, in north-central New 
Mexico, 650 feet at Abo Canyon, 700 feet at the north end, and 400 
feet at the south end of the Sacramento Mountains, where it con- 
tinues to thin and to change in character south of the Texas line to a 
black marine limestone with clastics. The Abo is considered the 
northern representative of the Wolfcamp formation of the Glass 
Mountains. In central New Mexico the Abo shows many of the 
features of a terrestrial deposit. Here well preserved plant fossils are 
to be found and marine life is absent except in the two thin limestone 
members at the base, where marine forms are associated with fine 
shale and conglomerate. Ripple marks and strand-line markings are 
in the red shaly sandstones, as are also well developed hopper-shaped 
pseudomorphs of halite crystals. Reptile bones are reported from Rio 
Arriba County, New Mexico. Arkose, though present farther south, 
becomes a prominent constituent of the Abo in northeastern New 
Mexico, where the Amarillo-Wichita granitic highs and the ancestral 
Rocky Mountains contributed an abundant supply of arkosic 
material. The dominant color of the Abo is a strong brownish red. 
This is of great assistance in subsurface determinations, where it lies 
between the gray Magdalena (Pennsylvanian) below and the grayish 
Yeso (Permian) above and is recognizable without difficulty. Some 
of the shaly sandstone members show a purplish hue, a distinguishing 
characteristic. The Abo with the Yeso and San Andres compose Lee’s 
Manzano group. The angular unconformity between the Magdalena 
and the Abo, quite evident in some areas, is apparently not every- 
where found. 


1 Willis T. Lee and George H. Girty, ““The Manzano Group,” U. S. Geol. Survey 
Bull. 389 (1909), p. 12. 
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CHUPADERA FORMATION 


In 1922 Darton” introduced the term Chupadera to embrace the 
Yeso and San Andres where it was difficult to recognize these units 
as separate entities in surface mapping. Areas still remain in which 
insufficient work has been done to establish a separation, especially 
where lithologic changes make the two less distinctive, and it is now 
considered desirable to retain the term for a formation and include 
under it, as members, the Yeso, Hondo, and San Andres. Later, as 
knowledge of the distribution of these rocks increases, especially 
with the support of additional drill records, there will be less need for 
this blanket term. The name was taken from Chupadera Mesa in 
central New Mexico (Fig. 1). 

In 1933 applied the names “Picacho limestone” and “‘Nogal 
formation” to lithologic units in the Roswell artesian basin. His type 
sections were taken in Hondo Valley and Tularosa Canyon, respec- 
tively, and are essentially the equivalent of San Andres, Hondo, and 
Yeso, as here defined. He extended his Picacho limestone approxi- 
mately 50 feet below the Hondo sandstone. As there is no need for a 
duplication of terms, Nye’s names have here been discontinued in 
favor of the original names of Lee. A comparison of the formations 
of the Manzano group of Lee with the present classification in the 
Pecos Valley is given in the following table. 


Pecos Valley of 
San Andres Mountains Southeastern New Mexico 


San Andres limestone San Andres limestone | 
Manzano group member Chupadera 
of Lee (1909) Hondo sandstone member formation 
Yeso formation Yeso member 
Abo sandstone Abo sandstone 


Yeso member.—The Yeso was named by Lee" in 1909 from Mesa 
del Yeso, 12 miles northeast of Socorro, New Mexico (Fig. 1). The 
Yeso, like many of the Permian units, is so variable in composition 
that no simple description will hold true for all localities, for it 
varies from place to place by lateral gradation. It is essentially 
grayish with some red coloration and has a chalky appearance on out- 
crop due to the presence of numerous thick beds of anhydrite which 
weather to gypsum. The intercalated black limestones are commonly 

12, N. H. Darton, “Geologic Structure of Parts of New Mexico,” U.S. Geol. Survey 
Bull. 726, Pt. Il, p. 181. 


13S. S. Nye, “Geology and Ground-Water Resources of Roswell Artesian Basin, “i 
U.S. Geol. Survey Water-Supply Paper 639 (1933), pp. 55 and 70. 


M4 Willis T. Lee and George H. Girty, op. cit., p. 12. 
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concealed by this cover of gypseous material (Fig. 7). The Yeso is 
composed of sandstone, soft, medium to fine-grained, and grayish, 
yellowish to pinkish in color, massive anhydrite beds, earthy gray to 
dense black limestones and dolomitic limestones, and soft red shales. 
It ranges from 600 to 2,000 feet in thickness. It is distinguishable 
from the overlying San Andres by the predominance of sandstone and 
anhydrite, whereas the San Andres is essentially a limestone with 
included sandstone, anhydrite, and red shale beds. The black lime- 
stones are fossiliferous and carry a Bellerophon and Euomphalus fauna. 
In the rocks that are not exposed, beneath the cuesta of the Sacra- 
mento Mountains, lenses of clear rock salt are included with the 
anhydrite. The thickness of the Yeso in well records is common- 
ly 1,000-1,500 feet. It appears at the surface on the western flank 
of the Sacramento Mountains and is well exposed in Tularosa Can- 
yon. 

The erosion of Tularosa and adjacent canyons and the trans- 
portation of the dissolved sulphates to the west side of Tularosa 
basin are processes that undoubtedly have been important contribu- 
tors to the ultimate formation of the geographic feature known as the 
“‘White Sands.” Similar gypsum sands occur in Salt Flat west of the 
Guadalupe Mountains. Both the Yeso and San Andres are cut by 
numerous small igneous dikes and sills which are apophyses from the 
main intrusion that constitutes the Sierra Blanca, Capitan, and as- 
sociated igneous masses. Many of these sills are to be seen in the Rio 
Bonito and Ruidosa valleys. 

Hondo sandstone member.—A sandstone bed that crops out. near 
the bottom of the valley of the Hondo and its tributaries has proved 
of great value in subsurface correlation in southeastern New Mexico. 
It may be observed in well sections north of the Delaware basin in 
this southeastern area, and serves to separate the Yeso from the San 
Andres. It has been commonly referred to in the field as ‘“‘Glorieta 
sandstone,” although it has never been definitely shown that this 
particular sandstone is wholly or in part the sandstone of Glorieta 
Mesa, in northern New Mexico. The name Hondo sandstone is there- 
fore here given to this unit. This sandstone, variably streaked yel- 
lowish to brownish red, is composed of coarse white quartz grains and 
is cemented by iron and lime. In places, cross bedding is apparent 
and iron concretions and nodules are abundant in the upper part of 
the sandstone. It is commonly about 50 feet thick. This sandstone 
crops out in places along the base of Algerita Escarpment facing Dog 
Canyon. 

San Andres limestone member—The San Andres limestone was 
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named by Lee" in 1909 from a prominent exposure on the western 
dip slope of the San Andres'* Mountains. In the Pecos Valley the 
San Andres limestone serves as the cover rock of the Sacramento 
cuesta from Cloudcroft to the Pecos River, where it dips beneath 
younger rocks on the east side of the valley. The San Andres lime- 
stone is about 1,200 feet thick and is composed of massive black 
limestones, grayish hackly and yellowish earthy limestones, and 
dolomitic limestones with included sandstones, anhydrite, and red- 
beds. Some of the upper beds are thin and platy. The anhydrite and 
redbeds gradually replace the upper limestones farther northeast. 

On Figure 1 a dashed line has been drawn indicating the highway 
west from Roswell up the Hondo and Ruidosa valleys across the 
Sacramento Mountains, descending Tularosa Canyon and across 
Tularosa basin to the San Andres Mountains. The San Andres lime- 
stone comes to the surface from beneath valley fill just west of Roswell 
(3,600 feet elevation). The eastward inclination of the limestone beds 
is slightly greater than the average surface gradient and hence as 
the road goes westward it gradually traverses deeper beds of the San 
Andres. On descending Picacho Hill, it crosses both the base of the 
San Andres limestone and the Hondo sandstone. From here the high- 
way follows the Hondo sandstone part way up the Hondo Valley and 
then descends into the Yeso section. In the Ruidosa Valley west of 
Eagle Creek, it again rises into the San Andres section. After cross- 
ing the divide at the altitude of 7,600 feet in the Mescalero Indian 
Reservation, the road descends in altitude and again in section, pass- 
ing quickly out of the San Andres into the Yeso, on which it con- 
tinues to the vicinity of Bent, completing the remaining distance to 
Tularosa (4,700 feet elevation) on the Abo and Magdalena. Beyond 
the Tularosa basin the section is again duplicated after an ascent of 
older rocks in Rhodes Canyon in the San Andres Mountains where 
the Abo, Yeso, and San Andres may be readily recognized. Here the 
beds dip toward the west and were at one time continuous eastward 
as an arched fold, connecting with the eastward-dipping beds of the 
Sacramento Mountains. Faulting and the collapse of the arch de- 
veloped the broad Tularosa basin. The Yeso may be carried from 
here northward to Mesa del Yeso. 

A section on the northern escarpment of Tularosa Canyon north- 
west of Bent shows the following thicknesses. 


San Andres limestone 621 feet Upper part eroded 
Hondo sandstone 12 feet 
Yeso 1,050 feet Base concealed 


% Willis T. Lee and George H. Girty, op. cit., p. 12. 


%€ Originally spelled San Andreas (Italian) and changed by the Geographic Board 
to the Spanish form of spelling, San Andres. 
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The base of the San Andres limestone lies just below the crest of 
the divide between the Sacramento River and Grapevine Canyon at 
the south end of the Sacramento Mountains. On the southern rim of 
the Sacramento cuesta, the San Andres dips southward and good 
fossiliferous exposures are to be seen in Chatfield and Surveyor 
canyons. This southward dip continues in the Cornucopia Mountains, 
which are composed of San Andres limestone. However, in Buck- 
thorn escarpment (Fig. 4) on the east side of Pinon Valley, these 
same San Andres limestone beds continue horizontally southward in 
the Guadalupe Mountains and in the Dog Canyon area become 
covered by an increasing thickness of younger rocks. Southward 
from the mouth of Cornucopia Canyon on the west side of Crow Flat 
the dark fossiliferous limestone changes facies and becomes more non- 
organic in appearance and the limestone exposed in La Muralla, 
possesses a Dog Canyon aspect. Farther westward the basal part of 
the San Andres limestone occurs in the Cornudas Mountains in con- 
tact with the laccolithic body of igneous rocks in these mountains. 
Immediately south of the Cornudas a thick section of Yeso sediments 
is exposed. 

In Grapevine Canyon (Fig. 1) the Magdalena, Abo, Yeso, and 
San Andres are exposed. The San Andres may be traced eastward to 
Pinon and down Pinon Creek to the north end of the Guadalupe 
Mountains. The floor of this canyon lies within the mid-section of the 
San Andres. Where Pinon Valley opens into Crow Flat, both escarp- 
ments, Buckthorn on the east and the Cornucopia Mountains on the 
west, are composed of San Andres limestone, fossiliferous and dark 
gray. It continues southward to the re-entrant of Big Dog Canyon, 
where a great mass of the San Andres limestone is found slumped upon 
the canyon floor. Just within Big Dog Canyon the Yeso formation 
comes to the surface at the base of Algerita Escarpment. The Yeso 
formation disappears below the surface before reaching Sabina 
Mound (Fig. 4). In Big Dog Canyon along Algerita Escarpment and 
southward in Upper Dog Canyon the limestone of the top part of the 
escarpment becomes more whitish and non-organic in appearance. 
Here in Upper Dog Canyon near Manzanita Tank sandstones inter- 
finger with the limestone beds and they increase in thickness and 
number toward the reef zone. This section also increases in total 
thickness and finally merges with the Dog Canyon reef head. 

The San Andres limestone, which lies below the Dog Canyon 
limestone, makes up most of Algerita Escarpment of Big Dog Canyon 
and can be traced into Upper Dog Canyon, but for various reasons it 
can not be carried into precise relationship with the section below 
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Bush Mountain on the Guadalupe scarp without assumption or de- 
tailed field correlation. The intervening area is most complex; litho- 
logic changes take place within short distances; the limestones be- 
come similar in character and are intercalated by numerous sand- 
stones which are also repetitional in kind and color. This situation is 
further complicated by considerable faulting. 

Sufficient data for precise correlation of the San Andres limestone 
of the Sacramento cuesta with the reef formations is therefore not 
yet available. On paleontologic grounds (Productus ivesi, etc.) the 
San Andres is correlated with the Bone Spring and Leonard through 
the gray limestone. It is also a correlative of the Kaibab limestone of 
Arizona and Utah and the Blaine of Texas and Oklahoma, which 
provides a broad general datum plane. This, however, does not imply 
an exact equivalence with them all. On the basis of stratigraphic 
correlation in the back-reef area of the Guadalupe Mountains, it 
appears that the San Andres is higher in the section and must in part 
be equivalent to some portion of the middle Delaware Mountain. If 
such is the case, it places the very obvious sedimentary break be- 
tween the Delaware Mountain and the Bone Spring within the San 
Andres or at its base and makes the Dog Canyon limestone in part 
equivalent to the-San Andres. Recognition of the Hondo equivalent 
in the reef and fore-reef areas is needed in order to correlate the base 
of the San Andres. In West Dog Canyon the exposed sections may 
not go deep enough, but in the vicinity of the PX trail the Hondo or 
its equivalent should be found. 

Despite the hazards involving correlation by stratigraphic means 
in this complex area, this method is more likely to prove satisfactory 
than paleontologic evidence. Paleontology has yet to provide key 
fossils of sufficiently limited vertical range and of such lateral per- 
sistance throughout the variant environments so common in the 
Permian reef areas as to serve the present need for finer subdivisions. 
In this respect the fusulinids are a possible hope, more especially in 
subsurface correlation. To date, their value seems to be limited to 
gross, long-range comparisons, involving sections many hundreds of 
feet thick. 


CHALK BLUFF FORMATION 


Above the San Andres limestone in wells east of the Pecos River, 
in the latitude of Artesia and Roswell, is found a sequence of beds 
that consist of anhydrite, dolomitic anhydrite, sandstone, redbeds, 
and dolomitic limestone. This sequence makes up a formation about 
1,000 feet thick, and through interfingering on the south with dif- 
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ferent units, the Queen sandstone, Seven Rivers, and Three Twins 
members, and the Dog Canyon and Carlsbad limestones, changes 
into the Delaware Mountain formation. It is believed to be the ap- 
proximate equivalent of the Whitehorse sandstone of Oklahoma. The 
Chalk Bluff formation derives its name from Chalk Bluff (Fig. 2), the 
east bank of the Pecos River southeast of Artesia, and consists of 
all sediments lying between the San Andres limestone and the Salado 
halite. A thin tongue of Castile anhydrite may extend northward 
from the Delaware basin and intervene between the Salado and the 
Chalk Bluff. One of the interesting features of the Chalk Bluff for- 
mation is the inclusion of numerous beds of greenish bentonite, some 
of which attain a thickness of 5 feet or more. Both the thickness and the 
color cf these bentonite beds vary. The thicker beds appear to have 
accumulated in shallow pockets along the bottoms and in such locali- 
ties they are invariably clear sea-green, coppery green, or gray-green. 
Thinner seams are more likely to be gray, brown, or red. The ben- 
tonite beds serve as excellent stratigraphic markers. 

Richardson, in 1903,'’ recognized the presence of redbeds above 
the Rustler. Since then, these redbeds, along with others occurring 
east of the Pecos, have received little study, and have been variously 
classified to suit the particular occasion. They were generally referred 
to as the “‘Redbeds of the Pecos Valley.”’ Darton'* grouped them 
with the Chupadera or the Rustler on the geological map of New 
Mexico. Nye!® included all the Permian above his Picacho (=San 
Andres) in his Pecos formation. Most of the sediments to which he 
refers as the ‘Pecos formation” are the Chalk Bluff, the Salado having 
been truncated and the Rustler overlapped on the west of the basin 
by the Triassic and surficial deposits. These formations—the Chalk 
Bluff, possible remnants of the Castile, Salado, Rustler, and the 
Triassic—supplant the Pecos formation. Surface exposures are either 
poor or absent altogether, excepting the Chalk Bluff, which has been 
cut by the Pecos River, forming in places low bluffs on the east side 
of the river. These formations, however, are easily recognized in well 
records from the Maljamar or south Lea County areas (Fig. 1). The 
Rustler is here essentially an anhydrite with redbeds; the dolomitic 
members are generally absent or poorly represented. Beneath the 
Rustler is a thick section of more than 1,000 feet of the Salado halite, 


17 G. B. Richardson, ‘Reconnaissance in Trans-Pecos Texas, North of Texas and 
Pacific Railway,” Univ. Texas Mineral Survey Bull. 9 (1904), p. 45. 


18 Geologic map of New Mexico, U. S. Geol. Survey, 1927. 
19 Op. cit., Pp. 44. 
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which contains beds of anhydrite and polyhalite. The Salado” is 
underlain by the Chalk Bluff dolomitic anhydrites, sandstones, and 
redbeds. The Chalk Bluff is a back-reef formation (Fig. 5), but is rep- 
resented in part of the reef province by the lithologic units that have 
been named the Twin Hills, Seven Rivers, and Queen sandstone 
members of the Chalk Bluff, and by the Dog Canyon limestone. 

The Chalk Bluff formation is equivalent to the unit farther east 
that has been called by the subsurface geologists the Whitehorse or 
Whitehorse-Cloud Chief.?' Near the top of the so-called Whitehorse- 
Cloud Chief, a widespread layer of sandstone has been recognized by 
them which i$ known as the Yates sand.” 


SUBDIVISIONS IN THE REEF ZONE 
THE LOWER BEDS 


The lowest beds exposed in the reef area are limestones con- 
sidered by the writer to be transitional from a part of the Chupadera 
into the Bone Spring. The correlation of the San Andres with the beds 
on the south has been much disputed. By some the San Andres has 
been thought to be equivalent to the Capitan limestone, but the 
Capitan does not hold its character as a solid limestone very far north- 
ward from its type locality. Field work by other geologists has sug- 
gested a tracing of the San Andres into beds here designated as the 
Dog Canyon limestone and it is not unlikely that they are in part 
related even though the Dog Canyon in the reef zone does not re- 
semble the San Andres either lithologically or faunally. However, a 
more complete paleontologic study may find this apparent faunal 
difference less real. 

The beds which most resemble the San Andres in the reef zone 
are the gray limestones in the upper part of the Bone Spring forma- 
tion. According to observations of P. B. King,”* these gray limestones 
near the New Mexico-Texas line comprise a group of thick-bedded, 
sparingly cherty, gray limestones, about 300 feet thick, which contain 


20 W. B. Lang, “Upper Permian Formations of Delaware Basin of Texas and New 
Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19 (1935), pp. 262-70. 


LL. D. Cartwright, Jr., ‘“Trans-Pecos Section of Permian Basin, West Texas,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 14 (1930), pp. 972-73 

H. P. Bybee, E. F. Boehms, C. P. Butcher, H. A. Hemphill, and G. E. Green, “De- 
tailed Cross Section from Yates Area, Pecos County, Texas, into Southeastern New 
Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 15 (1931), p. 1091. 

J. E. Adams, “Upper Permian Stratigraphy of West Texas Permian Basin,” Bul. 
Amer. Assoc. Petrol. Geol., Vol. 19 (1935), pp. 1013-16. 


2 G. C. Gester and H. J. Hawley, “Yates Field, Pecos County, Texas,” Structure 
of Typical American Oil Fields, Vol. 2 (1929), p. 488. 


23 Personal communication. 
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Productus ivesi and many other brachiopods identical with those of 
the San Andres fauna as developed in New Mexico. Black limestones 
underlie the gray member of the Bone Spring south of the New 
Mexico-Texas line, and it is possible that the lower part of the for- 
mation is equivalent to the Yeso, which, as noted, also contains many 
thick black limestone beds. The Hondo sandstone member in subsur- 
face thins out southward but undoubtedly is represented by some 
lithologic break in the reef zone. If it is possible in the exposures of 
the Guadalupe Mountains to trace this member from the back-reef 
through to the fore-reef deposits of the Delaware basin it would 
serve to establish a plane of correlation in the subsurface. 

Overlying the gray member of the Bone Spring south of the New 
Mexico-Texas line are several hundred feet of sandstones, which are a 
portion of the Delaware Mountain formation, much better developed 
farther south. Beds of the Delaware Mountain older than these sand- 
stones have passed out northward by overlap on the Bone Spring 
limestone and beds younger have intergraded northward into the 
Dog Canyon and Capitan limestones. These sandstone beds thin out 
north of the New Mexico-Texas line, a fact early recognized in sub- 
surface farther northeast. 


DOG CANYON LIMESTONE 


The name Dog Canyon limestone is here given to an assemblage 
of ‘rocks which lie beneath the Queen sandstone and above the San 
Andres limestone. On the western flank of the Guadalupe Mountains 
is exposed a section of bedded limestones more than 1,000 feet thick. 
These limestones grade along their base into the thinning sandstone 
of the Delaware Mountain formation and merge farther south with 
middle Delaware Mountain sandstones and possibly with a part of 
the lower portion of the Capitan limestone. Toward the north it 
gradually thins out above or in part merges with the San Andres 
limestone. The Dog Canyon limestone is overlain by the Queen sand- 
stone member of the Chalk Bluff formation, which forms the capping 
of the tableland (Queen Mesa) of this part of the Guadalupe Moun- 
tains. The westward continuation of the Dog Canyon and the Queen 
sandstone is interrupted by faulting, but on the east the Dog Canyon 
limestone is again exposed on the Huapache monoclinal fold from 
the vicinity of Last Chance Canyon south to the Pinnacle (Fig. 4). 
The Huapache monocline trends N. 45° W. and is the eastern bound- 
ary of the Guadalupe Mountains proper. Last Chance Canyon and 
its tributaries have cut into the monocline exposing sections of the 
Dog Canyon beds. The limestones are buff to gray, dolomitic and 
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locally very sandy, the change to a sandy phase taking place ir- 
regularly and often in very short distances. This sandy phase and the 
abundance of large fusulinids are very suggestive of the middle 
Delaware Mountain exposures south of the Point. Chert is developed 
very prominently in some places and cross bedding is a common 
phenomenon. In Last Chance Canyon and Sitting Bull Cariyon, a 
tributary, vertical jointing of the bedded limestones is a prominent 
feature. In the Seven Rivers embayment limestones appear to change 
to gypsiferous beds and to dense inorganic limestone tongues, whereas 
southward the characteristically bedded limestones become more 
massive, and include numerous sandstones. 

Crandall™ recognized the fact that the Dog Canyon limestone is 
distinctly older than the Capitan, and used for it the term Chupa- 
dera, thus inferring a time connection with the San Andres which it 
may have in part. The Dog Canyon limestones overlie the lower 
sandstones of the middle Delaware Mountain. They hold the same 
relation to the middle Delaware Mountain section as does the Capitan 
to the upper part, in that they are both limestone reef phases of the 
sandstones of the Delaware basin. 


CHALK BLUFF FORMATION 


Queen sandstone member.—The Queen sandstone, a member of the 
Chalk Bluff formation, is best exposed on Queen Mesa (Fig. 2) in 
upper Dark Canyon and along the north slope of the Hess Hills in 
the Guadalupe Mountains. It varies in thickness from 60 to 100 feet 
and is a white, buff to pinkish colored fine-grained sandstone. The 
amount of cementation is variable, but usually increases toward the 
reef. In places the sandstone is extremely pulverulent and friable, the 
grain size being that of a silt. Thin beds of inorganic limestones are 
included with the sandstone member. On Queen Mesa weathered 
blocks of the sandstone are dull dark brown to red, giving the im- 
pression that it is a deeply colored sandstone. This is a weathering 
effect due to the alteration and accumulation of hydrous iron at the 
surface. When broken open the weathered fragments are white or 
variably stained yellowish. Other sand members in the back-reef 
area exhibit a similar habit. This sandstone member is a key horizon 
for separating the Carlsbad limestone and Seven Rivers gypsum 
above from the Dog Canyon limestone below. The sandstone is 
believed to pinch out at or near the base of the Capitan limestone, 
and above the reef head of Dog Canyon limestone. This horizon 

* K. H. Crandall, ‘Permian Stratigraphy of Parts of Southeastern New Mexico 


and Adjacent Parts of Western Texas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 13 
(1929), P. 
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undoubtedly corresponds with the sandstone that forms the upper 
part of the middle division of the Delaware Mountain formation on 
the south side of the reef. 

Seven Rivers gypsiferous member.—The Seven Rivers gypsum, so 
named by Meinzer, Renick, and Bryan® in 1926, is in part the upper 
member of the Chalk Bluff formation. It is best exposed along the 
western escarpments of the Hess Hills, Azotea Mesa, and the Seven 
Rivers Hills. In the re-entrant opening of Rocky Arroyo, a series of 
sandstones, anhydritic** sandstones, and redbeds, with intercalated 
anhydrite and thin dolomitic limestones from an inch to a few feet in 
thickness lies above the Queen sandstone and is capped by a thin 
tongue?’ of Carlsbad limestone approximately 50 feet thick. As one 
descends Rocky Arroyo the Carlsbad limestone gradually and then 
abruptly thickens, displacing the Seven Rivers (Fig. 11). This 
change from one lithologic facies to another occurs within a distance 
of less than a mile and is a classic example of the sudden lithologic 
transitions that occur in many places in Permian basin sediments. 
A conglomerate-breccia zone that is variable in thickness occurs near 
the top of the Seven Rivers and is continuous into the Carlsbad. 
The buff limestone beds of the Carlsbad change abruptly into thin 
fingers of dense, dark, non-fossiliferous dolomitic limestone. These 
limestone fingers are interbedded with sandstones, sandy redbeds, 
and anhydrites and, by reason of their association and composition, 
are believed to be the product of chemical precipitation. These non- 
fossiliferous dolomitic beds are predominantly cellular and in this 
respect resemble certain beds in the Rustler. Many of these thin, 
brittle beds, where enclosed between soft or soluble sediments, are 
found to be shattered on the outcrop. The lower portion of the Carls- 
bad and the Seven Rivers are contemporaneous deposits, but of dif- 
ferent lithologic facies which grade from one to the other. 

Three Twins member.—North from Little McKittrick to Spencer 
Draw the top of the Carlsbad limestone may be seen to grade into 
sandstones that in turn are in part displaced by anhydritic sands, 
sandy redbeds, anhydrites, fine greenish sandstones, thin greenish- 
gray sandy shales and dolomitic limestones. To this sequence of beds 
is here given the name Three Twins member of the Chalk Bluff for- 
mation from Three Twins Hills where in Spencer Draw a partial 

2 O. E. Meinzer, B. C. Renick, and Kirk Bryan, “Geology of No. 3 Reservoir Site 


of the Carlsbad Irrigation Project with Reference to Water Tightness,”’ U. S. Geol. 
Survey Water-Supply Paper 580 (1926), p. 13. 


6 Anhydrite beds where exposed at the surface in the Southwest are invariably 
found altered to gypsum. 


27 Further reference to this tongue is made under the Carlsbad limestone. 
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Fic. 12.—A view northeastward from near the Pinnacle along the Huapache monoclinal fold showing 
gga of Dog Canyon limestone in Trimble Canyon. This monocline rises more than 1,000 feet above Sotol 
asin. 


Fic. 13.—An exposure of the Seven Rivers gypsiferous member of the Chalk Bluff formation in McMillan es- 
carpment. The beds are composed chiefly of sandstone with intercalated thin dolomitic layers and gypsum. 
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section is exposed (Fig. 2). This member represents the top part of the 
formation. It is underlain by the Azotea tongue of the Carlsbad lime- 
stone, or, where this is absent, by the Seven Rivers member. These 
two members, the Three Twins and Seven Rivers, which are similar 
“lithologically, represent the greater part of the Chalk Bluff formation 
and are the equivalent of the Carlsbad and Capitan limestones of the 
reef zone. 

The Three Twins and Seven Rivers members, being largely com- 
posed of weakly cemented sandstones and anhydrites, are readily 
eroded. Thus their rapid erosion has developed the Seven Rivers 
embayment and Sotol Basin and has left standing in relief the more 
resistant contemporaneous and older limestones of the Guadalupe 
Mountains proper and the Barrera (Fig. 2). West of the Pecos River 
very little of these members remains. Only the marginal portion of 
the Seven Rivers member, which lies protected beneath the tongue 
of Carlsbad limestone, is preserved. A remnant of the overlying Three 
Twins member is left exposed in Spencer Draw. East of the river 
they plunge underground. 


CAPITAN LIMESTONE 


The Capitan limestone marks the culmination of reef develop- 
ment in the Permian basin. It was named in 1904 by Richardson”® 
from the high peak (8,751 feet) to which he had applied the name El 
Capitan. In the Guadalupe Mountains this formation attains a thick- 
ness of 1,600 feet. It is exposed in a belt 5 miles or less wide which 
lies in the shape of a horseshoe, concave toward the south, and makes 
the massive limestone rim of the Delaware basin (Fig. 22). This 
massive limestone forms the bold precipitous promontory at the 
Point (frontispiece) where the southeast-facing escarpment carved 
from the reef limestones meets the west-facing escarpment along the 
Guadalupe fault. It is made up of massive buff to gray dolomitic 
limestone. The grayish limestone is dense and possesses a granular, 
gritty appearance on the surface. Weathered surfaces of the Capitan 
limestone are exceedingly rough and rasp-like. This characteristic is 
well shown in the Patterson Hills. Secondary calcite is common. 
Numerous vugs and cavities, many calcite-lined, occur throughout 

28 G. B. Richardson, “Report of a Reconnaissance in Trans-Pecos North of the 
Texas and Pacific Railway,’”’ Univ. of Texas Mineral Survey Bull. 9 (1904), p. 41. 


29 The Permian reef limestones (the Capitan, Carlsbad, Dog Canyon, etc.) are in- 
variably dolomitic and their magnesium content in many places approaches that of a 
true dolomite. With the exception of some beds of the Capitan, the reef and back-reef 
limestones contain 30-40 per cent of magnesium carbonate, and vary from pale gray to 
buff. The black limestones (of the Bone Spring, Yeso, etc.) are more likely to be true 
limestones in that they contain only a few per cent or less of magnesium carbonate. 
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the mass. In some places cavities of large dimension are found in drill- 
ing through this limestone. Where circulating underground water 
has had access to this limestone, enormous caverns have developed, 
more especially along the reef front. The now famous Carlsbad cavern 
was formed in the Capitan limestone, with the exception of the upper 
part which is in the Carlsbad. On preliminary examination one is 
impressed by the massiveness of the Capitan limestone, but closer 
inspection reveals the presence of definite bedding planes. On the 
western scarp, as pointed out by Crandall,®° curved, southward- 
dipping bedding planes on a magnificent scale are clearly discernible 
in the great exposure of limestone beneath the Peak. The frontal 
portion of the Capitan limestone interfingers with beds of the Dela- 
ware Mountain. This interfingering is especially well shown in Gun- 
sight, Big, and McKittrick canyons. At those places where the sand- 
stone beds pinch out, bedding planes that dip steeply are traceable 
high into the limestone. The basal portion of the Capitan is more hori- 
zontally bedded and there is some interfingering of these horizontal 
beds with the underlying sandstone of the Delaware Mountain for- 
mation. 

The great cliff of Capitan limestone forming Guadalupe Escarp- 
ment does not trend at a right angle to the reef front (Fig. 16). Con- 
sequently, the reef dips exposed in the cliff are flatter than the true 
dip and changes in the thickness and attitude of the bedding are 
spread out over a longer distance than they would be on a line at 
right angles to the facies boundaries. When comparing sections 
through the reef and back-reef zones, it is essential to know both the 
distance and the direction of any point in the section from the reef 
front. 

A test well of stratigraphic interest was drilled in the reef zone in 
Dark Canyon near its junction with Juniper Canyon. Dark Canyon 
is cut in Carlsbad limestone and some of the top beds of the Carlsbad 
have here been eroded off. This well, the McIntyre No. 1 of the Pecos 
Valley Drilling Company, was located in Sec. 35 of T. 23 S., R. 25 E., 
Eddy County, New Mexico (elevation, 3,583 feet). The samples show 
that at least 200 feet of Carlsbad was penetrated and from there to 
1,930 feet or for 1,730 feet a section of Capitan was found. This is 
comparable to the 1,600 feet of Capitan exposed on the Guadalupe 
scarp. Beneath the Capitan were drilled at least 1,000 feet of Dela- 
ware Mountain sands with interbedded limestones and thin beds of 


8° K. H. Crandall, “Permian Stratigraphy of Southeastern New Mexico and Ad- 
jacent Parts of Western Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), p. 936. 
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bentonite. The log of this well, 35 miles distant from the Point, is in 
agreement with the outcrop section and confirms the belief that the 
lithologic relations which the formations bear to one another, as ex- 
posed in the western escarpment of the Guadalupe Mountains, hold 
in general throughout the reef trend. Fifteen miles northeast of Carls- 


Fic. 16.—Diagram showing trend of the Guad- 
alupe Escarpment and the reef front at the Point. 
The attitude of the bedding shown on the Guada- 
lupe Escarpment is distorted as only sections taken 
perpendicular to the reef front (dashed line) provide 
a true cross section. 


w. 
€. 
9.000" 
+ 8,000" e? 
+ 7,000 
6,000" 
5,000 
4.000" ° 2 3 5 Miles 


Fic. 17.—A west-east profile (drawn to scale) through the Point of the Guad- 
alupes at Pine Spring. The steep east slope west of Pine Spring approximately repre- 
sents the attitude of the reef front at the close of Delaware Mountain time. 


i bad or 27 miles in the same direction from the McIntyre well, the 
Getty-Dooley deep well No. 7 penetrated 2,700 feet of Carlsbad and 
Capitan limestones and 2,500 feet of sandstones of the Delaware 
Mountain formation. The position of both wells with respect to the 
reef is comparable but in the Getty area a much greater thickness of 
sediments accumulated, which suggests that this was a negative area. 
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CARLSBAD LIMESTONE 


The name Carlsbad limestone came into field usage by petroleum 
geologists in the early 1920’s for the limestones cropping out west of 
Carlsbad and later as a means of distinguishing the bedded from the 
massive limestones. It was introduced into the literature by Darton 
and Reeside* in 1926 as the Carlsbad limestone member of the 
Chupadera formation. This relationship, as previously noted, does 
not hold. The Carlsbad is an intimate associate of the Capitan, and 
was at one time referred to as the Carlsbad tongue® of the Capitan. 
The part of the Carlsbad limestone which caps western Azotea Mesa 
(Fig. 2) and overlies the Seven Rivers gypsiferous member of the 
Chalk Bluff is here given the name of Azotea tongue. Some field 
geologists prefer to consider the Carlsbad as a facies of the Capitan, 
and it is admittedly difficult to make a separation in the subsurface 
where diagnostic evidence does not appear in the cuttings. On the 
surface this difficulty is less real. Present knowledge of its thickness, 
areal extent, and lithology are such as to warrant its being designated 
a separate formation. 

The Carlsbad limestone overlies and completely blankets the 
Capitan, except where faulting or erosion has exposed the latter. It 
is a bedded formation of three times the lateral extent of the Capitan. 
The Queen sandstone serves to separate this limestone from beds 
below that are very similar lithologically—the Dog Canyon. The 
eroded reef front between McKittrick and Double canyons shows 
distinctly the band of bedded Carlsbad limestone resting upon the 
massive and seemingly structureless Capitan. The reef limestones 
of the Barrera have been progressively stripped of overlying forma- 
tions from west to east so that much of the Carlsbad is absent in the 
southwestern half of the Barrera. Northeast of Rattlesnake Canyon 
the Carlsbad covers in large part the Capitan limestone. The inclina- 
tion of the Barrera to the northeast, descending from an elevation of 
8,751 feet to 3,150 feet (an average gradient of 112 feet to the mile), 
carries the Capitan and Carlsbad limestones beneath younger rocks 
east of the Pecos. 

The Carlsbad is a whitish, creamy to buff, and in some places a 
grayish dolomitic limestone. Locally it is pinkish to almost red in 
color and on close inspection is found to be composed of fragments 
of fossil shells of a small number of species. Fusulinids are abundant 
in the Carlsbad; some of the basal beds along the crest of the reef 

3 N. H. Darton and J. B. Reeside, Jr., ‘“The Guadalupe Group,” Bull. Geol. Soc. 
America, Vol. 37 (1926), p. 419. 

2S. Spencer Nye, op. cit., p. 44. 
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northeastward from the Peak are almost wholly composed of them. 
Texturally the limestone varies from a gritty granular form to one of 
lithographic fineness. Toward the back reef many beds and tongues 
of sandstone are included with fine stringers of shaly red sandstones 
and limestones and greenish shale. Some beds are thin and platy or 


Fic. 18.—Pisolitic concretions from the Carlsbad limestone. Walnut Canyon, 
Carlsbad Caverns National Park, New Mexico. Size, —o.9. Note the bedding, and frag- 
mental character of many of the pisolites. 


even finely laminated. One of its most prominent features is the 
presence of zones of pisolitic concretions, some of whose individuals 
attain a diameter of two inches (Fig. 18). Algae (Girvanella) have 
been identified in these pisolites but there is no evidence to prove 
whether the algae are responsible for or merely accessory to the 
accumulation of calcium carbonate to form the pisolites. 
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In places the limestone bedding surfaces are characteristically 
covered with markings, some of which the writer interprets as ice- 
crystal impressions (Fig. 19). 

The Carlsbad limestone is variable in thickness. The thin down- 
folded tongue exposed on the south side of the Barrera thickens by 
gradational replacement of the Capitan to 600-800 feet within a 


Fic. 19.—A slab of Carlsbad limestone covered with a network of 
ice crystal (?) marks. 


short distance northward. Where it is seen to intergrade with the 
Seven Rivers, it abruptly thins from 300 to 50 feet. 


FORMATIONS OF THE FORE-REEF ZONE 
BONE SPRING LIMESTONE 


Only the black limestone, the ‘“‘Basal Black limestone”’ or “the 
lowest member of the Delaware Mountain formation,” as it has pre- 
viously been called, is represented on the surface in the fore-reef 
province. This formation was described by Blanchard and Davis® 
as the Bone Springs limestone in 1929, and derives its name from 
Bone Spring near the head of Bone Canyon, sometimes called Bone 

33 W. Grant Blanchard, Jr., and Morgan L. Davis, “Permian Stratigraphy and 


Structure of Parts of Southeastern New Mexico and Southwestern Texas,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 13 (1929), pp. 961-64. 
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Spring Canyon, which is directly beneath the Peak on the west side 
of the Guadalupe Mountains. This limestone is crossed by the Carls- 
bad-El Paso highway at the foot of Guadalupe Canyon. Much of the 
lower portion of the formation is here concealed by bolson deposits 
and it is overlain by sandstones of the Delaware Mountain formation. 
The dip of the beds is to the south and the formation rises northward 


Fic. 20.—Ripple marks (?) from the contact zone of the Castile 
anhydrite with the Lamar limestone. Carlsbad-E] Paso highway between 
McKittrick and Bell canyons. 


until 1,500 feet or more are exposed. It is then gradually replaced by 
the gray limestone in the reef zone. Though the Bone Spring formation 
is termed a limestone, much of it is a gray to black limy shale, in 
parts sandy. In the vicinity of Bone Spring Canyon (Fig. 14), large 
blocks of the dense, black, thin-bedded limestone are tilted at various 
low angles to each other, yet are an integral part of the formation. 
This structure is interpreted by the writer as the result of slumping 
caused by movement of the sea floor during deposition of the sedi- 
ments. 

The dense, black members of the Bone Spring are true limestones 
and break with conchoidal fracture, giving a strong petroliferous odor. 
The limestone is highly carbonaceous, but yields very little bitumi- 
nous matter when digested with hydrochloric acid. The residue con- 
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tains extremely fine sharp sand grains, bryozoans, and sponge spicules. 
The bryozoan fossils are distinguishable in the residue by their rusty 
reddish color. Where less carbonaceous, the limestone is brownish to 
dark gray with some large nodular chert inclusions. 

In 1921 to 1922 the N. B. Updike core test was drilled on the 
Williams Ranch 3 miles due south of the Point. It began approxi- 
mately at the top of the Bone Spring limestone and was drilled to a 
total depth of 3,400 feet. The essential features of the core are given 
in the following abridgment of the driller’s log. 


Depth in Feet : 
Thick- Description 
From To 
° 2,484 2,484 Gray limestone and shale 

2,484 2,504 20 Fine-grained sandstone 

2,504 2,524 20 Sandy limestone and shale 

2,524 2,613 89 7 a and shale with some black sandy 
shale 

2,613 2,633 20 Fine gray sandstone with gray limestone bands 

2,633 2,649 16 Sandy shale and gray limestone with chert 

2,649 2,864 215 Gray limestone with black sandy shale 

2,864 2,883 19 Honey-combed gray limestone with shale partings 

2,883 2,919 36 Gray limestone with large fossils 

2,919 2,948 29 Gray limestone with shale partings and conglom- 
erate 

23948 3,051 103 Conglomerate 

3,051 3,183 132 Gray and black limestones, conglomerates, and 
black sandy shales 

3,183 3,304 121 Black limestone with partings of shale 

35304 3,351 47 Compact sandstone with shale 

3,351 3,400 49 Cray limestone with shale bands 


The Bone Spring limestone is possibly represented to a depth of 
2,484 feet, for this portion of the core is a lithologic unit. A more 
critical determination of the section must await additional fossil or 
stratigraphic evidence from some other source in the area. From 2,484 
feet to 3,183 feet the section includes sandstones and conglomerates. 
These conglomerates are of considerable interest and consist of well 
rounded limestone pebbles in a limestone matrix. They are suggestive 
of the Abo (Wolfcamp) and therefore are a part of the basal portion 
of the Permian. The Pennsylvanian therefore is represented by the 
remaining core below 3,183 feet. This evidence for correlation is ad- 
mittedly weak and a more satisfactory solution of the problem awaits 
new. data. 

On the assumption that the base of the Permian lies within the 
sandy and conglomeratic zone between 2,500 and 3,000 feet in this 
core, the total thickness of Lower Permian rocks in the fore-reef area 
probably exceeds 3,000 feet. This 3,000 feet of Lower Permian (all 


é 
2 


PERMIAN FORMATION OF PECOS VALLEY 873 


formations up to the top of the Bone Spring) added to 3,500-5,000 
feet of Middle (Delaware Mountain formation) and 5,000 feet of 
Upper Permian (Castile, Salado, and Rustler), would give a total 
thickness of 11,500-13,000 feet in the fore-reef area. 


DELAWARE MOUNTAIN FORMATION 


Richardson™ in 1904 first applied the name Delaware Mountain 
formation to the section of sandstone and black limestone below the 
Capitan limestone that is exposed on the western slope of the Guada- 
lupe and Delaware mountains. This name is now restricted® to in- 
clude only the sandstone, the black limestone of a different lithologic 
and faunal character being now known as the Bone Spring limestone. 
The Delaware Mountain formation is exposed on both flanks of the 
Delaware Mountains and for a short distance along the west side of 
the Guadalupe Mountains. 

Girty’s®* Guadalupian fauna occurs in the Capitan limestone and 
in related formations of the reef and fore-reef zones that were formed 
during the Delaware Mountain epoch. Although he made some collec- 
tions from the black limestone (Bone Spring), most of his material 
came from the higher sequence. The time interval of the Delaware 
Mountain formation is of interest because it marks the culmination 
of the Guadalupian fauna, after which representative life forms in the 
Permian were practically extinguished in the area discussed, and also 
because it was the time of greatest reef building around the margins 
of the Delaware basin. 

At the beginning of Delaware Mountain time a basin, of slightly 
greater area than that now represented by the Capitan reef zone, was 
deepened. In this basin the Delaware Mountain sands were deposited, 
at first transgressing bed by bed upon the eroded margin of the basin 
and later interfingering with ingrowing limestone reefs until the basin 
had filled to a thickness of 2,500 feet. In the fore-deep before the 
reef front this thickness increased to 3,500 feet. Along with the sands 
were deposited beds of limestone. The Delaware Mountain formation 
may be divided into three parts, divisions which are not well marked 
within the basin but are representative of events that occurred about 
the rim. The lower sands of medium grain size overlap the Bone 


34 G. B. Richardson, “A Reconnaissance in Trans-Pecos Texas, North of Texas and 
Pacific Railway,’’ Univ. Texas Mineral Survey Bull. 9 (1904), p. 38. 


* P. B. King, “Permian Stratigraphy of Trans-Pecos Texas,” Bull. Geol. Soc. 
America, Vol. 45 (1934), p. 756. 


% G. H. Girty, “The Guadalupian Fauna,” U. S. Geol. Survey Prof. Paper 58 
(1908); “The Guadalupian Fauna and New Stratigraphic Evidence,’ New York Acad. 
Sci., Vol. 19, No. 6, Pt. 1 (1909), pp. 135-47. 
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Spring with a basal conglomerate that spread about the rim. When 
the basin was about half full of sands, limestone deposition com- 
menced about the rim and the Dog Canyon limestones were built up, 
grading laterally into sands of the middle Delaware Mountain. The 
completion of the Dog Canyon stage of development was soon fol- 
lowed by the more perfect reef growth of the Capitan, which inter- 
fingered with the very fine sands of the upper Delaware Mountain. 

The Delaware Mountain formation is a dark gray to buff sand- 
stone. The fineness of grain of the sandstones is a notable feature. 
They grade upward from a medium-grained sandstone to a siltstone 
and, where well cemented by calcium carbonate, lose completely their 
appearance of being a sandstone. Dark gray to black limestone beds 
and lenses occupy portions of the formation. Both the black lime- 
stones and dark-banded sandstones are carbonaceous; the banding, 
though similar in type, is far less prominent than that in the Castile. 
This fine banding which the Upper Permian deposits display so mag- 
nificently is also present in deposits throughout the Permian. Many of 
the limestones and sandy limestones are so formed but the banded 
structure is rarely evident. The more resistant limestones form 
benches and cap the mesas in the outcrops of the Delaware Mountain. 
On the slopes below the Point the writer has observed fragments of 
a very fine-grained, green, chert-like rock in the float. This comes 
from a horizon a few hundred feet below the base of the Capitan and, 
according to P. B. King, can be traced for many miles along the west- 
facing scarp. Samples submitted by King to C. S. Ross, of the United 
States Geological Survey, were determined to contain undoubted 
fragments of volcanic material and were classified as a bentonite. 
This bentonite is closely allied stratigraphically with bentonites that 
occur in the Maljamar area at a depth of 2,500 feet or more in the 
Chalk Bluff formation. 

Within the Delaware basin the top of the Delaware Mountain for- 
mation is marked by a black calcareous bed that has proved to be a 
useful correlation unit. It has a remarkably uniform thickness of about 
25 feet and is readily recognized because its dominant black color 
contrasts with the surrounding lighter-colored sediments. Within the 
basin this unit is a dark carbonaceous, highly calcareous sandstone 
or arenaceous limestone, but as the basin rim is approached the bi- 
tuminous content decreases, the calcium carbonate increases, and the 
rock grades into a definite limestone. It finally becomes a pale gray 
limestone at the base of the Barrera Escarpment, and is in places over- 
lain by additional Delaware Mountain beds of sandstone and lime- 
stone, of variable thickness up to probably 35 feet. To this unit is 
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here given the name Lamar limestone member of the Delaware Moun- 
tain formation. The Lamar limestone is named for Lamar Canyon, 
southeast of the Guadalupe Mountains. The type locality is selected 
as the escarpment north of Lamar Canyon where the canyon is 
crossed by the Western Gas Company’s pipe line. This is about 15 
miles due east of the Point. This limestone was previously referred 
to by Blanchard and Davis*’ as the “‘Frijole,” from Frijole Post Office, 
Texas. Frijole Post Office lies on a similar dark limestone lower in 
the section and is many miles away from the Lamar member. In view 
of King’s recent detailed mapping of the Guadalupe Quadrangle and 
his intention to name other interfingering members and to avoid 
possible confusion, the name “‘Frijole’’ is not used here (Figs. 4 
and 21). 


N.NW. S.SE. 


Capitan 


== 


Delaware Mountain formation bamar 


Fic. 21.—Diagram of the Point of the Guadalupes showing restoration of eroded 
beds of Carlsbad, Capitan, and Delaware Mountain formations and the relationship 
which the Lamar bears to the Carlsbad limestone. 


An examination of well cuttings from the Stanolind Oil and Gas 
Co’s C. A. Duncan well No. 1, drilled in Sec. 30, T. 21 S., R. 30, E., 
Eddy County, New Mexico (elevation, 3,320 feet), the results of 
which are given on pages 876-77, serves to show the character of the 
Lamar member of the Delaware basin as it appears in well samples. 
The Lamar is a very sandy limestone, generally 25—30 feet thick, and 
black from a strong organic impregnation. The sand grains are rarely 
visible in the rock because of their extreme fineness. The Lamar 
represents a stage when carbonate deposition temporarily exceeded 
the accumulation of sand, an interpretation that applies to many 
other limestone members of the Delaware Mountain. The sands ap- 
pear to have been supplied to this basin almost continuously and their 
deposition was at times punctuated by the arrival of increased 
amounts of carbonates and organic residue from the reef mass. 


37 W. Grant Blanchard, Jr., and Morgan L. Davis, op. cit., p. 973. 


one 
San 
~ 
ae 
Mar, 
ST 
= 
@ 7 


876 WALTER B. LANG 


POST-DELAWARE MOUNTAIN FORMATIONS 


With the close of Lamar (=upper part of Carlsbad) deposition 
came an important change in Permian conditions, the end of reef 
building here and of a normal marine sea in the Delaware basin. The 
subsequent deposits, of a different type, consist of the Castile anhy- 
drite, the Salado halite, and the Rustler formation, which complete 
the Permian sequence.** 

The cause of this sudden cessation of Delaware Mountain sedi- 
mentation can only be conjectured. Too little is known of the con- 
nection this basin had with the more open sea to the southwest in 
trans-Pecos Texas and Mexico. The cause may have been a structural 
movement which restricted the shallow southwestern entrance of the 
basin or shifted by uplift the continental shelf connection with the 


PARTIAL LOG OF THE DUNCAN WELL NO. I 
STANOLIND OIL AND GAS CO. 
SEC. 30, T. 21 S., R. 30 E., EDDY COUNTY, NEW MEXICO 


Forma-| Subdivi- Depth and 
tions sions Thickness lescription 


3,350-3,380 |White anhydrite—very calcareous. Anhydrite 
crystals clear. Calcite crystals are either 
large or occur in clusters. Scattering of 
well-rounded quartz grains—1.5; mm.— 
minute pinkish to reddish clay pellets. Esti- 
mated anhydrite-calcite ratio—6o to 40 


3, 380-3,410 Whitish to grayish anhydrite—calcareous, 
otherwise same as above. Darker color of 
sample probably due to a slight increase in 
organic content 


3,410-3,451 Whitish anhydrite—calcareous. Anhydrite 75 
per cent or more of sample. Calcite a pale 
brownish color. Banding indicated. Round- 
ed quartz grains and clay pellets present 


Castile anhydrite 


3,451-3,455 Brown anhydrite—calcareous. After treat- 
ment with HCl yields abundant organic 
residue. Quartz grains and clay pellets 


3,455-3,459 White anhydrite with some brown anhydrite 
and brown calcite and black limy sand- 
stone. Few fragments of pale buff lime- 
stone. Red clay pellets 


38 W. B. Lang, “Upper Permian Formations of Delaware Basin of Texas and New 
Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19 (1935), pp. 262-70. The Salado halite 
or the upper salt series is the same as the unit which has been called “upper Castile” 
by some subsurface geologists. See, for example, L. D. Cartwright, ‘““Transverse Section 
of Permian Basin, West Texas and Southeast New Mexico,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 14 ( 1930), p. 980. The Pierce Canyon redbeds are now placed in the Triassic 
and may be related to the Bissett. 


. 
— — -— —— - | — 
| 
ag 


PERMIAN FORMATION OF PECOS VALLEY 877 


PARTIAL LOG OF THE DUNCAN WELL NO. 1 (Continued) 


Forma- 
tions 


Subdivi- Depth and 
sions Thickness 


Description 


Delaware Mountain formation 


35459-3463 


12 feet 


3,463-3,471 


Dark sandy limestone. Percentage of sand 
and lime about equal. Quartz grains sharp, 
clear, and coarser than usual. Octahedrons 
of pyrite 

Calcareous sandstone becoming increasingly 
darker with depth. Calcite cement—z25 per 
cent. Effervesces violently with HCI. Pyrite 


3471-35495 


Lamar 
limestone 
member 
24 feet 


Black sandstone—highly calcareous. Organic 
inclusions oriented like biotite flakes in a 
schist. Pyrite. Organic inclusions unaffect- 
ed by HCl. Sand grains clean up on treat- 
ment with hot H,SO, and K,Cr.07 


35495-35595 


Grayish to brownish limestone—so per cent 
brownish limestone, 25 per cent white 
limestone, 25 per cent black sandstone. A 
few fragments of this brown limestone are 
in preceding sample 


3,505-3,51¢ 


| 5 feet | 10 feet 


Pale grayish to buff sandstone. Fragments 
appear very much like a fine-textured lime- 
stone but treatment with acid reveals the 
matrix to be an extremely fine-grained 
(1/10 mm.) sand of sharp clear quartz 


3510-3, 537 


Zone of calcareous cementation 


Pale gray sandstone. Calcareous cement de- 
creases with depth. Quartz grains are sharp, 
fine, and clear 


35537-35545 


Weakly 
cemented 


Gray sandstone. Quartz grains slightly 

’ coarser, sharp and clear. So weakly ce- 
mented that the grains fall apart on stand- 
ing in water 


35545-35570 


Cement free | 


Buff sandstone—sharp, clear grains practical- 
ly free of calcareous cement. A few quartz 
grains show pale, red and yellow colored 
inclusions and some are milky. 95 per cent 
of quartz grains are crystal clear. Grain 
size—1/5 to 1/10 mm. Buff color probably 
due to a very small amount of hydrous iron 


open sea far southwestward into Mexico, for the conditions, which 
had prevailed to a more limited degree in the back-reef area in Dela- 
ware Mountain time, subsequently advanced into the Delaware basin. 
Though the amount of movement was probably slight, the effect on 
sedimentation was great. It restricted circulation of the sea water but 
did not close connection with the sea. Marine waters continued to 
advance into the basin. They were shortly altered in composition by 
partial evaporation and by commingling with more concentrated 
waters of earlier additions to the basin. As the saturation points for 
the various salts were reached, they were successively precipitated 
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to accumulate in zones forming more or less segregated deposits of 
anhydrite, halite, or other salts. This structural change which limited 
circulation of the sea water, gave to the climatic factor the oppor- 
tunity to impress its influence on the type of subsequent deposition. 
The importance of organisms as agents of deposition ceased and 
chemical processes became supreme. In the Delaware basin above the 
Delaware Mountain formation, with the exception of clastic sand- 
stones and shales and the thin Rustler dolomitic limestones, 5,000 
feet of sediments are virtually products of chemical precipitation. 
The change from Delaware Mountain to Castile sedimentation 
requires further study and interpretation. The Castile filled this basin 
in front of the reef and in places may have overlapped the rim. It is 
therefore restricted geographically to the Delaware basin. The con- 
tour of the bottom of the basin was mildly warped as were also the 
Castile sediments. The deepest portion of this basin is east of the 
Pecos River, where the Castile deposits are more than 2,500 feet 
thick and contain the most halite. Above the Castile lies the Salado 
halite, which is 1,000 to 1,500 feet thick and not only covers the 
Delaware basin but extends northward and eastward without inter- 
ruption. The Salado is in turn overlain by the Rustler formation. 


CORRELATION 


Correlation of the Permian formations of the Pecos Valley with 
those on the eastern side of the Permian basin in Texas and south- 
western Oklahoma must rest upon subsurface data, for there are no 
connecting outcrops between the eastern and western sides of the 
basin. Distances from western outcrops to those on the east are as 
much as 200 miles and nowhere less than 100 miles. Between these 
outcrops color and lithology change and in some of the formations 
fossils are completely absent. Because redbeds, anhydrites, and sand- 
stones possess little to distinguish them, their correlation is a hazard- 
ous and difficult task. The following table is offered as a tentative 
correlation of the back-reef formations with those of Texas and 
Oklahoma classifications. 

Two of the units correlate with relative certainty—the San Andres 
with the Blaine and the Chalk Bluff with the Whitehorse and asso- 
ciated rocks. They contain (as shown on p. 879) equivalent time in- 
tervals but their boundaries are probably not exactly contempora- 
neous. The San Angelo sandstone and the Hondo occupy the same 
stratigraphic position, but of the many sandstones in the Yeso it is 
not known which one or ones may be the true equivalent of the San 
Angelo. The few wells that have been drilled into the deeper lying 


| 
| 
| 


879 


PERMIAN FORMATION OF PECOS VALLEY 


*6£-Sob ‘dd ‘(1£61) ON ‘SI "JOA “7095 JO jo [PON f 
*(z£61) “ON ‘1 JOA “png soxay fo ,,‘sexay, Jo } 


(Aassauuaqy) 
uevoun ojesuy ue 
opuoH Sutids su0g 
ourel ues 
30q 
Ope[es 


VNOHVTHO GNV SVX4L ASOHL HIIM AATIVA AHL JO SNOILVNAOMd AAAA-AOVA AHL AO NOILVTAAAOD AAILVINAL V 


. 
| 
| 
| a 
| 
| B 
‘ 
| 
at 
| 
| 
| ¢ 
| 
| 


880 WALTER B. LANG 


rocks, the Yeso and Abo, are widely spaced and do not afford evi- 
dence for precise correlation. 

The Castile hardly extends beyond the basin rim. This may be 
caused by non-deposition or erosion. It is rather strange that 2,500 
feet of sediments could have accumulated in the Delaware basin 
during Castile time, without some counterpart being deposited about 
the marginal areas, unless the sea-level was below the rim, in which 
case shore-line phenomena which have not yet been recognized should 
be in evidence. There are probably far more hiatuses in the Permian 
than have been suspected or determined, and much local erosion. 

The Salado thins northward, as also does the Rustler. On the 
west side of the basin east of the Pecos both the Salado and the 
Rustler were truncated before deposition of the Triassic. Adams* 
considers that these formations are similarly truncated in the north 
Texas area, and this relationship most likely holds beneath all the 
Llano Estacado in New Mexico, although the writer has not had 
opportunity to extend a precise correlation to this region. Thus, 
according to Adams, the Quartermaster, if present in southeast New 
Mexico, would be equivalent to beds near the top of the Chalk Bluff. 


Part II 


FACTORS CONTROLLING PERMIAN SEDIMENTATION 


The basic explanation of Permian basin geology is to be found in 
the interpretation of its structure. Structural movements were of 
paramount importance in controlling the location and type of sedi- 
ment deposited. Other factors were contributory but less funda- 
mental. Warping of the epicontinental floor expanded and contracted 
the basins of deposition, provided catchments for sediments, shifted 
the zone of contact of the marine and saline waters, either invited or 
scattered the fauna as the environment dictated, and provided 
realms for an excess of chemical precipitation. Those processes and 
conditions which, from the nature.of the sediments, it is believed 
were operative, are here tabulated in the order of their apparent 
importance. 

1. Gradual negative movement, plus minor differential variations 
during the Permian 

2. Progressive sedimentation maintaining shallow water 

3. An arid climate persisting throughout the Permian in the 
Southwest 


39 J. E. Adams, “Upper Permian Stratigraphy of West Texas Permian Basin,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 7 (1935), pp. 1010-22. 
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SUBSIDENCE 


The Permian rocks of the region record a period of subsidence, 
a gradual retreat of the Pennsylvanian sea to which the Permian fell 
heir. The average rate of sinking was greater in the south than in the 
northern portion of the basin and caused a progressive overlap of the 
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Fic. 22.—A diagram of the Delaware basin during formation of the Capitan lime- 
stone, showing the positions of the related types of the sediments and the character 
of the waters in which they were deposited. The present position of the reef limestones 
is also indicated. 


red clastic sediments on the gray limestones and intermediate de- 
posits. Greater thicknesses of sediments also accumulated in the 
south. The rate of deposition (or supply of sediments) gradually came 
to exceed the rate of basin sinking. The greatest period of quiescence, 
as represented by a sediment, occurred during the Castile, for it 
contains fewer clastics per unit volume of material than any other 
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Permian formation. The basin responded to further movement, afford- 
ing a better connection with the ocean during the Rustler, when a 
marine sea from the southwest made two brief transgressions. The 
Permian epoch came to a close under conditions similar to those that 
persisted during Castile time. During the Triassic further warpings 
of the floor occurred, but it was then very near to or above sea-level 
and the basin was covered with terrestrial sediments from the rising 
highlands. The Triassic waters were brackish and deposited red sandy 
shales that bear no apparent evidence of life. 


DEPTH OF THE NERITIC SEAS 


Shallow water appears to have persisted throughout the lifetime 
and the extent of this Permian epicontinental sea. Except possibly 
during the later period of reef building and the transition to the Cas- 
tile, it seems doubtful that the water in the back-reef of this broad 
flat sea was ever deeper than a few hundred feet and far more often 
it may have been less than 100 feet. The deepening of a depression 
by subsidence was progressively followed by in-filling which main- 
tained the sinking floor in shoal-water position. Irrespective of the 
type of sediment, ripple marks, rill marks, cross bedding, channel 
scouring, drying cracks, mudballs, autoclastic breccias, intraforma- 
tional conglomerates, erosion intervals, odlites, pisolites, frosted dune 
sands, ice-crystal markings (Figs. 19 and 20), etc., are found in them, 
individually or collectively. Some of these features required an actual 
intermittent emergence of the surface on which they were formed. 
Some geologists have postulated a depth of water in the Delaware 
basin, toward the end of Delaware Mountain time during the building 
of the Capitan reef, greater than the present height of the reef lime- 
stone, or 1,000-2,000 feet (Fig. 17). Conflicting evidence, however, 
appears at the base of the reef in the form of current channeling. 
Ripple marks of short wave length are present, and Crandall‘ reports 
finding what he considered to be cracks formed by drying. Though 
ripple marks can not be classed as convincing evidence, they are at 
least suggestive evidence of shallow water. 

Most of the fore-reef formations contain deposits which consist of 
a succession of very minute layers, and diastems within them are not 
immediately in evidence. Quiet water is essential for their deposition; 
to. have remained undisturbed, their position of accumulation must 
have been below wave base. Granting this point, the next question 
is to what depth did wave base extend in the Delaware basin in 
Permian time? This is a factor that is dependent upon the intensity 


40K. H. Crandall, op. cit., p. 943. 
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and duration of atmospheric movement. The nature of the deposits 
suggests a quiet atmospheric condition and thus favors a shallow 
wave base. The bulk of the water-borne clastic material is very fine, 
which indicates weak agents of transportation. More critical data 
are necessary before a proper evaluation of these factors is possible. 
Whatever may have been the average depth of the waters during the 
Permian of this area, it is evident that very little clastic material 
entered the basin. What did come appears to have arrived from the 
sandy back-reef bars, through low swales in the reef crest. The cause 
for this restriction to a minimum of the transportation of clastic sedi- 
ments to the basin may have been due to the further reduction of 
rainfall and tributary drainage from marginal lands. 


CLIMATE 


A sediment is made up of one or more elements. Where more than 
one element is involved the sediment represents the sum of elements 
_ contributed from different sources. The element that becomes the 
dominant component of a sediment is dependent in large measure on 
the relative activity of the contributing agents. Climate is thus one 
of the factors that controls the type of sediment deposited. When 
anhydrite or halite beds attain a dominant position in a sediment, 
even to the exclusion of all others, a hot dry climate is to be inferred 
and the agent is that of chemical precipitation. Anhydrite, halite, 
and the redbeds are the most characteristic sediments of the Permian 
basin. 

The climatic factor probably also reversed the normal direction 
of flow of the waters to be expected in a partially enclosed epiconti- 
nental sea. In a temperate climate the abundance of rainfall produces 
an outflow of drainage from the land to the sea. Though tidal currents 
may carry marine waters into broad estuaries, the net effect is certain 
to be an outward circulation, bringing a contribution to the sea. But 
under very arid conditions, the balance of flow is inward. The at- 
mosphere contributes little and absorbs much moisture, not only 
from the water surface but also from the land. Thus, under proper 
conditions, a marginal brackish-water zone is developed near the 
land, which may be separated from the marine water by a highly 
saline zone where the chemical precipitation of sediments is most 
active. This condition probably existed throughout Permian time, 
sometimes only locally, but it apparently became more general and 
intense during the final stages, the indraft of marine water from the 
open sea having reached a maximum during Salado time. 

Normal marine water apparently occupied the broad open shelf 
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that faced the ocean. As these waters were drawn inward over an 
undulate floor they commingled with other waters that had pre- 
viously entered and become concentrated to greater salinity, lost 
their fauna, and precipitated much of their salts. It probably was 
along such trends of increasing salinity that limestones accumulated, 
perhaps from both organic and inorganic causes. The excessive growth 
of limestone reefs may have further restricted circulation and con- 
tributed to a more rapid concentration of those waters advancing into 
the back-reef zone. The most favorable life environment in the Per- 
mian seas was apparently upon these marginal limestone areas that 
bordered the areas where conditions for life were intolerable. There, 
in this most favorable environment, thé waters were warm, shallow, 
and sunlit. Micro-organisms must have been plentiful. Accidental 
migration of these organisms into the more saline zone killed them 
off. A plentiful food supply, both living and dead, was thus provided 
for other organisms living within this border area and a cycle of 
abundant organic activity was thus maintained. It is along this life . 
zone that the great fields of petroleum production are now distributed. 
Beyond the limestone zone, the saline concentration of the waters 
was intolerable for life. The fauna advanced with every favorable 
incursion of congenial waters and was forced to retreat, if not killed 
off, by a return of waters of a higher salinity than could be endured. 
Farther inward, beyond the zone of interfingering limestones and 
sandstones, developed the chemical and clastic zones wherein the 
dominance of sandstone and shale or of anhydrite and halite depended 
on the relative activity of detrital or chemical deposition. 


THE DISTRIBUTION OF PERMIAN SALINE DEPOSITS 


It appears that throughout Permian time, some part of the basin 
area always contained waters of more than normal salinity. All the 
Permian major stratigraphic horizons contain halite or anhydrite at 
some locality and are associated with redbeds. Figure 23 has been 
constructed to show the vertical continuity of saline basins in the 
Permian and the general horizontal southwestward shift of these 
basins in each successive formation. A graphic attempt has been 
made to evaluate the comparative importance of these deposits in 
terms of the volume of halite and anhydrite present. Limestones 
generally preceded and redbeds followed their shift southwestward. 
This succession is illustrative of the tilt of the epicontinental embay- 
ment toward the southwest and the gradual withdrawal of the seas 
in that direction. 
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ZONES OF SEDIMENTATION AND THEIR RELATION TO COLOR 


Color is one of the most obvious characteristics of a formation. In 
many places Permian formations change in color as they change in 
composition laterally, a variation that may be assigned to a transition 
from one realm of deposition to another. In the southern Permian 
basin this relationship is strikingly portrayed, and possibly may be 
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Fic. 23.—A schematic diagram of the Permian basin from Kansas to West Texas 
showing the shift southwestward of the basins of saline deposition during Permian time. 
The relative position, extent, and volume of the salines for each formation is repre- 
sented by the cross-hatched areas. 


applied equally weil to other basin deposits of a similar origin. A color 
scale of black, gray, buff, white, and red is suggested as representative 
of the sedimentary transition occurring from more nearly normal 
sea-water deposits inward, through the shallow saline water zone, to 
the realm of chemical deposits and terrestrial clastics. 
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Fic. 24.—A theoretical conception of a Permian basin sea, showing the zones of 
increasing salinity as the landward side is approached, the dominant sediment deposited 
in each zone, and its general color. Horizontal arrows indicate direction of flow of water. 
Length of vertical arrows suggests the rate of evaporation. 

From field evidence it is apparent to the writer that the deposits 
formed in an embayed epicontinental sea under the influence of an 
arid climate are subject to classification into zones in accordance with 
the character of the water in which they were deposited. Waters of 
a salinity greater than normal sea water have a more critical effect 
upon the character of the deposits and upon life environments than 
have those waters of a lower salinity. Within these different zones 
certain types of deposits are found, and they are generally of a color 
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that is distinctive of a particular zone. Thus color, ordinarily a char- 
acter of secondary importance, may possibly be useful as an indicator 
of the probable environment of deposition. To know the environment 
of deposition of a sediment is essential for an accurate paleogeo- 
graphic interpretation. 

Although the increase in salinity is a more or less gradual process, 
four distinct stages of concentration are evident. These stages which 
represent the zones of deposition are here given names in order to 
express simply the relationship which any saline water or deposit 
bears to the basin of deposition. They are, in the order of increasing 
salinity: the vitasaline, penesaline, saline, and supersaline stages. 

Those Permian deposits that possess a fauna and physical attri- 
butes indicative of accumulation in normal sea water of moderate 
depth are generally limestones, shales, or sandstones of a black or dark 
gray color. These are classified in Table I as normal marine deposits 
of a normal marine sea. 

The gray to buff limestones generally show evidence of shallow- 
water deposition. Most of them are dolomitic. Fauna and flora are 
abundant, far more so than in the black limestones, except where this 
zone is transitional to the next stage. Though a gradual increase in 
salinity occurred across this zone, life was abundant and, owing to 
this increased salinity and possible rise in temperature of the water, 
the saturation point for the lime content was attained and the lime 
thus may have been ready for precipitation either directly or through 
organic agencies. This is the vitasaline stage or the reef zone, where, 
despite a slight increase in salinity, life flourished in abundance. 

The next stage includes the many very short lithologic transitions 
that occur in the back reef, and a transition from a favorable life 
environment to one apparently totally devoid of life—from organic 
to dominately chemical precipitates. Here the buff to whitish colors 
predominate, and buff and gray dolomitic limestones, gray-buff, pink, 
and white sandstones are in association with white anhydrite. This 
is the penesaline stage, and is best represented by anhydrite. 

With further increase in salinity, halite is precipitated. Where 
halite displaces anhydrite as the dominant representative of the sedi- 
ments the saline stage is attained. Polyhalite in the form of blebs, 
stringers, and beds, and red and buff clastics are commonly asso- 
ciated here with halite. The colors of the beds are pale gray to white, 
becoming reddish. The deposits are wholly without direct evidence 
of life. 

With still greater concentration, the potash salts become promi- 
nent and the color probably reddens. Redbeds with gray-green and 
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black shale are common associates. This is the final or supersaline 
stage, which is very seldom attained, for dilution of the mother liquor 
or a resolution of these highly soluble salts is more likely to occur 
before they can be covered and preserved. 

Behind the supersaline stage or, in its absence, bordering a pre- 


TABLE I 


Dominant CoLor OF DEPOSITS AND eae OF THE WATER IN AN EPICONTINENTAL SEA DEPOSITING 


ALINE SEDIMENTS 


Geographic Type of ° : 
Position of Character of Water Sediments Riguunnate — 
the Water Deposited tment 
Open ocean Marine water— Calcareous muds, | Radiolarian cherts, 
Salinity the average of | oozes, meteoritic and 
that of ocean water of | volcanic material 
the particular geologic 
period 
Marginal portion | Normal marine— Dark limestone, | Limestones _and | Black to 
of epicontinental | Sufficient depth of | sandstone, and shale | shales gray 
sea water and circulation 
to maintain normal 
condition 
Reef zone Vitasaline— Limestones and | Reef limestones, | Gray to buff 
Shallowing sea floor. | sandstones. Lime- | sandy _ limestones, 
Constricted circula- | stones predominant- | and dolomitic lime- 
tion. Salinity increas- | ly organic stones 
ing above normal. Or- 
ganic life abundant 
but dangerously near 
intolerable conditions 
Back-reef zone Penesaline— Chemical deposits: | Anhydrite Buff to 
Concentration too | dolomitic limestone white 
great to sustain organ- | and anhydrite. Sand- 
isms stone 
Shallow inland lobe | Saline— Anhydrite, halite, | Halite White to red 
of epicontinental | Volume of evapora- | and polyhalite. Red 
sea tion maintains a bal- | shale 
lance with indraft of 
concentrating waters 
so.that sodium chlo- 
ride precipitates out 
as the representative 
deposit. Most of the 
calcium sulphate has 
been precipitated in 
the penesaline zone 
Shallow marginal | Supersaline— Halite with potas- | Potash salts White tored. 
ee of the sa- | A stage of concentra- | sium-magnesium Varicolored 
ne phase tion seldom attained salts. Greenish and 
black shales. Magne- 
site 
Transition zone of | Brackish— Red shales and sand- | Redbeds Red, brown 
the fresh to brack- | Salinity less than that | stones to purplish 


ish surface drain- 
age with any of the 
above zones. Prob- 
ably not existent 
when supersaline 
stage is reached 


of normal sea water or 
of different composi- 
tion than that of a 
concentrated marine 
water 


Marginal land 
areas. Volume of 
land drainage prob- 
ably inversely pro- 
rtioned to salin- 
ity of marginal em- 
bayed waters 


Fresh water 


Sands and silts in 
transit 
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vious stage, is the marginal or brackish-water zone where the salinity 
has been reduced by tributary terrestrial drainage. Here the color of 
the sediments is more likely to be red or buff from an abundant in- 
wash of red shale or sand. 

No Permian deposit apparently shows the complete series of 
stages, but some formations represent a number of them. Only the 
Salado is so far known to have attained in part the supersaline stage; 
it otherwise represents the saline stage throughout most of its extent. 
On the northeast, where it should grade into redbeds, this tendency 
is indicated. On the south, in trans-Pecos Texas, it should become 
more anhydritic and subsequently dolomitic. The Tessey limestone 
is considered by some to be in part the southern phase of the Salado.“ 
The Castile and Rustler are anomalous in that their changes in 
character appear to be greater westward rather than southwestward. 
The Delaware Mountain and related formations of the back reef 
provide a fairly complete series of deposits representative of the 
various stages of concentration and associated color sequence. 

It should be borne in mind that this outline applies only to the 
Permian basin or to those deposits having a similar mode of origin. 
Both saline deposits and redbeds may be accounted for by other 
processes and for them such a schematic relationship may not be 
applicable. 


ORIGIN OF THE PERMIAN SANDS 


Most of the Permian formations are sandy, in fact far more so 
than appearances indicate. The sands either take the form of distinct 
beds or are admixed with other sediments. One feature worthy of 
note is that the sand grains throughout the Permian are notably fine 
and sharp. Rounded, frosted, or coarse grains of sand are the exception 
and therefore have been found useful in lithologic correlation. How- 
ever, heavy-mineral determinations made in 1927 of sandstones taken 
from various horizons in the Permian showed little indication of 
possessing distinguishing characteristics sufficient to provide a satis- 
factory aid to correlation. 

The greatest accumulation of sand appears to have taken place 
during Middle Permian time when the sand bodies incorporated in 
the Delaware Mountain and Chalk Bluff formations were deposited 
contemporaneously in different areas. The two different areas of 
sedimentation were separated by a belt in which reef limestones were 
formed (Fig. 22). The Delaware Mountain, the Chalk Bluff, and the 
reef limestones are of the same age. 


4 J. E. Adams, op. cit., p. 1019. 
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The problem of the source of the sands is not convincingly an- 
swered by present evidence, though the data seem to suggest a certain 
trend which, if capable of support by additional facts, may lead to 
a solution. There is very little if any difference between the sands of 
the Delaware Mountain and the Chalk Bluff formations. The more 
one studies the lithology and stratigraphy of the reef area the less one 
is convinced that the reef limestones acted as more than temporary 
barriers to the migration of the sands. Both sides of the reef lime- 
stones are bordered by sandstones and in middle Delaware Mountain 
time the sandstones extended across the reef zone from back reef to 
fore reef. Only during the very rapid building of the Capitan reef 
was there what appears to have been a temporary shut-off of sand 
migration when numerous tongues of sand accumulated in the Carls- 
bad behind the Capitan reef crest. Nor is it certain that at all places 
about the reef, sandstone beds may not extend through the reef— 
in fact the Three Twins member may be seen to come within a quarter 
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Fic. 25.—A ieeeemaatie sketch to show the progressive advance of the back-reef 
deposits of sandstone, anhydrite, halite, and redbeds toward the reef zone. The cross- 
hatched area represents the reef and fore-reef deposits of limestone and sandstone. 


of a mile of the reef front and what is still more suggestive is the 
presence in the lower portion of the Castile of the same type of frosted 
sand grains as occur in the Chalk Bluff (Fig. 25). These and other 
factors to be mentioned lead the writer to believe that much if not 
all of the sand of the Delaware basin originated from sources beyond 
the back-reef area. 

The most outstanding point in favor of the shifting of sediments 
southwestward is the very evident and constant progression of the 
zones of sedimentation southwestward with ascent of the strati- 
graphic column (Figs. 23 and 25). Intimately associated with the sands 
are the redbeds. They point back to a source in the general north- 
eastward direction. The redbeds as such approach but do not enter 
the reef zone. Indeed the writer has never observed evidence of red- 
beds in the fore-reef zone. Redbeds are therefore here considered re- 
presentative of back-reef conditions. 

Some believe that the sands of the Delaware basin were brought 
in by marine waters from an outside source. This is possible but not 
probable. It is evident from the structure of the reef that such a 
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source, which under this premise might have contributed to the upper 
sands of the basin, could not by any means have supplied the sand- 
stone fingers in the Carlsbad. The similarity of the sands above and 
below the Capitan reef argues, rather, in favor of a common source. 
Differences where shown by these sandstones lie chiefly in the char- 
acter and degree of cementation. 

In early Permian time local highland areas furnished abundant 
sediments, but they were soon drowned in their own and other debris. 
The Amarillo-Wichita and ancestral Rocky Mountain highlands 
ceased to exist as such, but their burial did not serve to interrupt the 
inflow of clastics that continued to arrive in the Permian basin 
throughout Permian time and became associated with the chemical 
precipitates. Sand and redbeds constituted the bulk of the clastics. 

Where, therefore, can one look for a satisfactory source of all this 
material? Opinion is not unanimous as to the environment under 
which red clays develop, but a humid climate is generally regarded 
as the most favorable. At least the red clays now forming most 
abundantly are in hot, humid countries of relatively low altitude. The 
climate of the region of the Permian basin and of the contiguous area 
was not then suited to the generation of red clays according to this 
hypothesis. Also, it was a receiving, not a contributing, area. To 
supply the volume and kind of clastic material incorporated in the 
Permian deposits of the Permian basin, one or more areas of consider- 
able extent lying in a humid belt previously subjected to a protracted 
period of weathering and during Permian time in the process of slow, 
continuous elevation, is necessary to satisfy the more acceptable 
hypotheses involved in this still vague concept. In a search for such 
areas, Appalachia as well as Llanoria are the only sources which seem 
to be adequate to satisfy the requirements. The Permian deposits of 
Iowa, Illinois, and West Virginia suggest a far closer approach of 
sedimentation in Permian time to Appalachia than might otherwise 
be thought likely. There is also some question whether or not Llanoria 
was sufficiently beyond the arid climatic realm to provide the proper 
type of sediments. The red Pennsylvanian rocks of Oklahoma and 
Texas suggest a close association with an arid environment which 
would prohibit the generation of laterites. It is postulated that with 
the elevation of Appalachia the saprolitic residue was gradually 
shifted westward from the zone of origin to the arid zone of preserva- 
tion of the red aluminates. So long as the waters of deposition were 
concentrated salines, that is, without life, the red color of the clays 
was retained. Where these originally red clays passed beyond the 
reef into the organic realm of more normal sea water and better cir- 
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culation, they lost their red color, and became black or gray. The 
ferric iron which causes the red color probably changed to a ferrous 
carbonate or sulphide and some of it was removed in solution. Re- 
working of the clays by organisms with the addition of their carbon 
residues was probably responsible for much of the black to gray color 
that these clays assumed. During Delaware Mountain time com- 
paratively little clay made the transit of the reef and the waters un- 
doubtedly were fairly clear. The top currents bore inward the re- 
quired balance to supply that lost through evaporation and the bulk 
of the material for chemical deposition. Tidal action and such out- 
ward bottom currents as may have existed served to work the sedi- 
ments basinward. 


STRUCTURE AND REEF GROWTH 


The most important belt of structural movement in the southern 
Permian basin from the standpoint of influence upon sedimentation 
is that defined by the reef zone. The margin of the Delaware basin 
of San Andres time was considerably north of the present boundary 
defined by the front of the Capitan limestone. Progressive growth 
inward into the Delaware basin occurred in consequence of the greater 
rate of sinking of this basin with respect to the whole Permian basin 
and resulted in a reduction of the marginal limit. Within this zone 
the greatest amount of sedimentary gradation and interfingering took 
place, and the development of intra-formational conglomerates, 
slumping, erosion gaps, coarse cross bedding, and reef structure. The 
last is the most notable feature of this belt (Fig. 5). 

The San Andres limestone is interpreted as a bedded reef lime- 
stone. It does not present reef structure so strikingly as does the 
Hess limestone member of the Leonard formation in the Glass Moun- 
tains.” The belt of gray San Andres limestone spreads over a wide 
area. It occupies the same relative position to other sediments as do 
the younger reefs, for it grades northward into anhydrites and red- 
beds. Stratigraphically above it are the bedded, sandy, Dog Canyon 
limestones, which increase in thickness and terminate southward in 
more massive limestones, which in turn grade into sandstones of the 
middle part of the Delaware Mountain (Figs. 9 and 14). Farther 
north this series also has a phase of saline water deposits. As the 
process of reef building continued about the flexed rim of the basin 
it became, with each successive growth, more intensive. The bedded 
type of limestone gave way to the massive limestones on the crests 


“ P. B. King, “Limestone Reefs in the Leonard and Hess Formations of Trans- 
Pecos Texas,” Amer. Jour. Sci., 5th ser., Vol. 24 (November, 1932), pp. 337-54- 
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of the reefs and during Capitan time deposition of limestone was very 
rapid. Some of this lime must have been of chemical origin. The 
Capitan and Carlsbad limestones compose the third reef and mark 
the culmination of reef growth on the northern rim of the basin. 
These limestones are similarly associated with saline back-reef 
deposits, but they extend farther into the basin, for reef growth 
was then more extensive. The massive limestones, which are in- 
conspicuous in the San Andres and only partially developed in the 
Dog Canyon, are magnificently represented in the Capitan. Such a 
succession of reef growths could only have evolved upon the inclined 
rim of a sinking floor. This rate of sinking must have slackened in the 
final period of reef growth, permitting a further encroachment of the 
back-reef sediments upon the reef area and a choking of further reef 
growth. This may have been the cause for the termination of Permian 
reef development, for the saline zone which had persisted in the back 
reef during Capitan time subsequently shifted into the Delaware 
basin in Castile time (Fig. 25). 

The reef structure in cross section is strikingly similar to a delta 
deposit. The Carlsbad and Capitan limestones and the upper beds of 
the Delaware Mountain formation are in their relationship analogous 
to the top-set, fore-set, and bottom-set beds (Fig. 5 and Fig. 28). 
They are, however, different in composition and source of material, 
for the delta is composed entirely of clastics derived from the land, 
whereas the Permian reef proper, which consists of fore-set beds, is 
composed of organic and chemical precipitates from the sea. One 
feature that distinguishes these reefs from the typical present-day 
fringing reefs is that the lagoonal phase or back reef was a realm of 
concentrated sea waters evolved under the influence of an arid 
climate. 


SUBSEQUENT DEFORMATION 


With the passing of the reef-building period there ensued move- 
ment tending to depress the Delaware basin side of the reef. Because 
of the fact that the beds on the reef face had an original basinward 
dip, and because the axis of folding was not always in the same rela- 
tive position within the reef zone, the amount of this movement is 
difficult to determine. The postulated later flexing may be related to 
joints now found running parallel to the reef front and to local minor 
faults occurring along the same trend. 

The Carlsbad limestone is arched along the Barrera, and the crest 
of this arch follows Guadalupe Ridge (Fig. 4). The dip of the’ beds 
on the southeastern slope is gentle, but in the vicinity of Walnut 
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Sierra Diablo 


Fic. 26.—A southward view from the Peak down upon the Point and Salt Basin. The system of 
parallel faults may be seen on the west slope of the Delaware Mountains. 


Fic. 27.—A view northeastward along the reef front and across the mouth of Pine Canyon showing the 
reef beds of the Capitan limestone descending to meet the sandstones of the Delaware Mountain formation. 
The distant profile is made by the top beds of the reef and basin deposits of the close of Delaware Mountain 
time. 
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Fic. 28.—A view northeastward from the top of the Peak, showing the gradation of the reef limestones 
of the Capitan into the Delaware Mountain formation (D). The Carlsbad limestone (Ca) here is seen capping 
the Capitan limestone (C). 


Fic. 29.—A view north-northeastward from the Peak and across Pine Canyon, showing a section of the 
reef limestones of the Capitan (C). The Carlsbad limestone (Ca) caps the Mesa. This view is a continuation of 
Figure 28 (to the left). 
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Canyon, where these limestones are well exposed, they may be seen 
at the crest of the escarpment to increase in dip and to plunge beneath 
the pediment of Black River Valley. These beds contain many piso- 
litic zones, and the pisolites were chipped and broken repeatedly by 
wave action and repaired by additional coatings of calcium carbonate 
during formation (Fig. 18). They are in beds now tilted at an angle 
too steep to retain free spheres subject to wave action. 

Later movement of the reef front is also indicated by variations 
in the thickness of deposits that overlie the reef limestones. Not all 
lithologic variations now observed in these beds are necessarily 
effects produced at the time of deposition but some may be in part 
caused by removal of considerable thicknesses by solution. 

Minor structural deformation of the Salado halite is indicated by 
drill cores and by the underground workings of the potash mines. 
The potash (sylvite) beds are irregular where they overlie the reef, 
but farther south in the basin they remain relatively constant in thick- 
ness and composition. Movement apparently has caused flowage of 
the salts, more especially the sylvite, which resulted in minor warp- 
ing. Asymmetrical folds with axes parallel to the reef crest have de- 
veloped and a tendency for the sylvite to concentrate at points of less 
stress is indicated.* Apparently the overload has been insufficient to 
induce incipient doming. 


TILTING OF THE DELAWARE BASIN 


The western flank of the southern Permian basin syncline is made 
up of two monoclines, the Sacramento monocline, which dips toward 
the east and is bounded on the west by a north-south trending fault, 
and the Guadalupe monocline, which dips toward the northeast and 
is also similarly bounded by a fault zone that trends more northwest 
to southeast. The Sacramento monocline bears upon it the back-reef 
deposits and the Guadalupe monocline contains essentially the de- 
posits of the reef and the Delaware basin. The Sacramento Mountains 
and adjacent ranges north of them occupy the uptilted western edge 
of the Sacramento monocline, which is bordered on the west by the 
deep graben of Tularosa basin. The Guadalupe and Delaware moun- 
tains occupy a similar position upon the Guadalupe monocline and 
are likewise bordered westward by the graben of Salt basin. In the 
Sacramento Mountains gentle folding preceded faulting, but the 


* The suggested tendency of sylvite to flow more readily than halite may explain 
why sylvite is seldom found in the Gulf Coast salt domes. Assuming that sylvite is 
present in the salts at depth where a dome is forming, it would tend to migrate upward 
with the head of the dome and would, on reaching the zone of circulating ground water, 
be the first to disappear beneath the cap. 
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Guadalupe fault zone appears to have originated upon initial tilting 
of the monocline. The maximum vertical displacement represented 
by each of these fault zones exceeds 5,000 feet and the monoclines 
mark the beginning, toward the west, of the basin-and-range type 
of structure. 


SUBSEQUENT GEOLOGIC HISTORY 


The direction of the dip of these two monoclines and the trend of 
the fault lines that border them represent two major physiographic 
controls in this part of the Southwest. The influence of these two 
monoclines is directly reflected by the trend of the Pecos River and 
its tributaries. The drainage pattern imposed upon the limestones 
of the Guadalupe Mountains is of post-Cretaceous origin, as a result 
of the eastward and northeastward tilt of the monoclines. These are 
the consequent streams that have been superimposed through the 
higher, softer rocks onto the more resistant limestones of the Barrera. 
Dark Canyon is a typical example, for the upper part of its course . 
lies along the crest of, and its lower course cuts directly across, the 
Barrera (Fig. 2). Drainage dependent on faulting follows in general 
a north-south direction and parallels the trends of the scarps, grabens, 
and synclines. The Pecos Valley, though not of fault origin, is a result 
of the monoclinal tilting that produced the faults on the west and 
developed the drainage as it now exists in Dog Canyon. Adjustment 
of drainage to later movements and to the variations in attitude and 
hardness of the deeper beds as exposed by erosion have resulted in 
stream capture, especially along the Barrera, where tributaries of 
Black River have intercepted consequent drainage or are about to 
do so. It is a notable fact that canyons entering the Barrera west of 
Dark Canyon have only western tributary canyons. The greater 
amount of displacement expressed in the Guadalupe fault system 
probably occurred during the Pliocene and Pleistocene. Faulting has 
beheaded the Guadalupe and Pine Canyon drainage (Fig. 14) and in 
Dog Canyon only incipient adjustment has occurred along the scarp 
since hinge faulting took place. 

There is no apparent evidence of tilting prior to the close of reef 
building in Permian time, but during Castile and Salado times faint 
suggestions of an inceptive uplift of the southern Rocky Mountains 
are indicated. As there are no Upper Permian formations west of 
the longitude of the Guadalupe Mountains, evidence of their west- 
ward extent is wanting, and an interpretation of events must rest 
entirely on speculation. The Rustler, however, in Reeves and Culber- 
son counties, Texas, lies first on a truncated surface of the Salado and, 
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farther west, on an apparently slightly beveled surface of the Castile. 
Erosion rather than solution appears to have been the cause. 

On the Sacramento monocline west of the Pecos River, the 
younger Permian deposits have been stripped off by erosion so that 
the two sides of the valley present an entirely different appearance. 
The eastern side is composed essentially of redbeds; the western side 
is an exposure of limestone. 


TABLE II 


COMPARISON OF THE Rocks ExPposED ON THE WEST AND East SIDES OF THE PECOS 
RIVER IN THE VICINITY OF ARTESIA NEW MExIco 


West Side of Pecos Valley or East Side of Pecos Valley to the 
Sacramento Cuesta Llano Estacado 
Cretaceous 
Sierra Blanca basin Triassic 

Triassic (Capitan Mountains) 
poor exposures 

Chalk Bluff (remnants) Cham exposed 

San Andres San Andres 

Hondo Hondo 

Yeso Yeso In subsurface 

Abo lin subsurface or on the Abo 

a bajada slope Magdalena 


This leaves, on the western side, a stratigraphic gap between the 
Chalk Bluff, or upper Middle Permian, and the Triassic. Apparently, 
east of the Grand Canyon region, where the Moenkopi is found lying 
on the Kaibab, there are no sedimentary rocks to fill this gap. During 
part of the intervening period this area was, in all probability, a high- 
land. Though the Triassic sediments of the Permian basin indicate 
a general uplift with reference to sea-level, relative sinking continued 
here, for the thickest Triassic deposits are found along the axial trend 
of the syncline. Also the Triassic, which rests on the Rustler east of 
the Pecos Valley, is reported lying on the San Andres in the Sierra 
Blanca basin, a relationship that implies further eastward tilting of 
the two monoclines. This is also suggested by the arrangement of the 
deposits of the Comanche seas which appear to encircle the Guada- 
lupe-Sacramento area, the basal sandstones ascending stratigraphi- 
cally as they approach this region from the south and east. The 
Trinity and Fredericksburg seas filled in the margins about these 
highs, but in Washita time sediments may not have been deposited 
over the higher elevations. As little structural change is evident, the 
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Upper Cretaceous seas probably transgressed the more even floor of 
Comanche deposits without difficulty. 

Such deformations as had occurred were broad gentle features 
but with the close of the Cretaceous began a series of events including 
igneous intrusion, faulting, and tilting that established the pattern 
and created trend lines that later periods of movement have served 
only to intensify. In addition to the pronounced movement of the 
monoclines the area became involved in a regional uplift. The earlier 
part of the Tertiary appears to have been chiefly an epoch of erosion, 
but in the Pliocene rapid erosion was accompanied by development 
of enormous inter-montane pediments and the formation of the 
Tertiary deposits of the High Plains east of the Rocky Mountains. 
The Quaternary period was also a time of great activity and the 
results are of many kinds. The processes of faulting and tilting con- 
tinued, pediments were dissected and built. Lake, eolian, and stream- 
gravel deposits were formed and caliche caps evolved. Probably more 
than half the present tilt of the Guadalupe and Sacramento mono- 
clines was acquired during the late Miocene and Pliocene. This move- 
ment continued through the Quaternary and may still be an active 
process today. 
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UPPER CRETACEOUS OF ROCKY MOUNTAIN AREA! 


JOHN G. BARTRAM? 
Casper, Wyoming 


ABSTRACT 


The Upper Cretaceous series is the most widespread and the thickest in the Rocky 
Mountain area and more work has been done on it and more published than on any 
other series, but the literature is full of conflicting local names and is very confusing. 
The Upper Cretaceous sediments were eroded from a western land mass and deposited 
in a vast marine basin. Thick sandstones on the west side grade eastward into shales 
and finally even into limestones. In the west five main sandstone units can be differ- 
entiated with four intervening shale bodies and these have been given different names 
in different places. In the eastern area the series is largely shale and has been subdi- 
vided by paleontologic methods and by using the few limestones, but the two sets of 
subdivisions do not match. It is suggested that the entire problem be reviewed, group 
names given the main western sandstone and shale units for use through the Rocky 
Mountains, and many names eliminated. A conference of those in authority and those 
most interested and best informed might well be held to arrange such a simplification 
of the Upper Cretaceous nomenclature. 


The Upper Cretaceous series in the Rocky Mountain area is 
several thousand feet thick and covers a vast area from Utah to 
Minnesota and from New Mexico far into Canada (Fig. 1). It con- 
sists mostly of dark marine shale, but in the western and west-central 
areas of its outcrop contains many sandstones, and on the eastern 
edge a few thin limestones. It is much more important than the series 
of any other geologic period because it covers the greatest area, is 
thickest, and has been the most important in production of coal, gas, 
and oil, not excluding the Jurassic Sundance formation, which has 
the spotlight at this moment. These Upper Cretaceous rocks have 
been mapped and studied by geologists for more than 60 years and 
more is known and published about them than about any other 
series. It might be assumed that the story was told and nothing more 
need be written, but after working continuously 14 years in the 
Rocky Mountains, the writer believes the Upper Cretaceous is very 
confusing and full of unnecessary duplicating and overlapping geo- 
logic names. The suggestion is offered that the time has come when 
the entire Upper Cretaceous series should be reviewed and a system » 
of names chosen to fit genetic conditions and mappable lithologic 
units. Since there is a recognized procedure for the change of geo- 
logic names, and since it should be a matter of discussion and con- 


1 Published by permission of Stanolind Oil and Gas Company, Tulsa, Oklahoma. 
Manuscript received, April 15, 1937. 


2 Division Geologist, Stanolind Oil and Gas Company. 
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Fic. 1.—Map of Rocky Mountain and Great Plains areas to show extent of Upper Cretaceous sea in the United 
States and Canada and the eastern edge of the Cordillera. 
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sideration by those familiar with the problem, the writer will not 
here advocate any definite changes, but will suggest many that 
could be made advantageously in the near future. In any event, it 
does not seem likely that any new names will be needed, since old 
names will more than suffice, but with revision of the limits of some. 

The geology of the Rocky Mountain Upper Cretaceous is rela- 
tively simple. The Cordilleran land mass had risen during Jurassic 
time in western Utah, Idaho, British Columbia, and adjacent areas, 
and sedimentary material eroded from it was washed into the sur- 
rounding country. In late Jurassic and all of Lower Cretaceous time, 
such sediments were spread over a great flood plain east of the Cor- 
dillera in the present Rocky Mountain area. At the beginning of the 
Upper Cretaceous, the sea spread over the flood plain east of the 
Cordillera and formed a marine basin extending from Utah goo miles 
eastward to Iowa and Minnesota, and from New Mexico and Ari- 
zona on the south far into Canada and Alaska on the north. The total 
area covered in the United States and Canada exceeds 1,700,000 
square miles. The sea may have extended much farther toward the 
southeast, east, and north, and later erosion may have removed 
any Cretaceous deposits. 

The greatest uplift of the Cordillera and also its most easterly 
point were apparently close to southeastern Idaho and northeastern 
Utah. East of that point the Upper Cretaceous sediments are 8,o09- 
10,000 feet thick and include much sandstone and coarser mate- 
rial, but throughout most of the Rocky Mountain area the marine 
basin was filled to a depth of 4,000-5,000 feet. A rough estimate 
of the total sediments eroded from the Cordillera and deposited on 
its eastern side during the Upper Cretaceous alone is 1,200,000 cubic 
miles in the United States and Canada and it appears that very little 
of this could have come from sources in other directions. 

Under these conditions, streams and rivers flowing east on the 
Cordillera dropped their boulders and coarse gravels at or near the 
shore line to form conglomerates; swept the sands farther east to 
build great deltas and to be carried and spread by sea currents into 
sheets of sandstone; and washed muds still farther east to settle and 
form the present thick marine shales. In the quiet water toward the 
eastern side, a few limestones were deposited, but none extended very 
far toward the west. Thus, at any one time, conglomerate might be 
forming in the west, while, progressively farther east, sandstone, 
shale, and limestone were accumulating. 

Geologic and climatic conditions on the Cordilleran land mass 
were not constant and at three intervals during Upper Cretaceous 
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time sandy material was carried much farther east than during inter- 
vening periods, and formed three great tongues or wedges of sand- 
stone projected into the shale body, thinning irregularly and disap- 
pearing eastward. These sandstone tongues contained commercial 
coal beds and were mapped extensively in the western parts of New 
Mexico, Colorado, Wyoming, and Montana, and the sandstones and 
intervening shales were given other formation names. At that time, 
little was known about the regional geologic picture, and, since dis- 
tances were great in the Rocky Mountains, long-range correlations 
could not safely be made, and different local formation names were 
used in each locality. Most of those names are still in use. 

Several hundred miles east in the open plains states, other geolo- 
gists were mapping the Upper Cretaceous where it contained no 
sandstone, except the basal Dakota, and, since their only mappable 
beds were limestones, they had to use the limestones or faunal zones 
to subdivide the shales. This resulted in additional different sets of 
names for rocks of the same age, but of different composition. For 
many years this caused no confusion, but finally the intervening 
areas were mapped and old formation names carried into other 
districts, where they conflicted with and overlapped other formations. 

Figure 3 is a. correlation chart, which shows most, but not all of 
the geologic names that are still in good usage in the Rocky Moun- 
tains. As an example of the number of names in use, one can begin at 
a certain shale horizon in the Mancos shale in western Colorado, and, 
by following it north, find oneself progressively in the Hillard shale, 
the Baxter shale, the Steele shale, the Cody shale, then in Montana 
the Claggett shale, and in Canada the Pakowki shale. The writer 
contends that many of these names are unnecessary and confusing 
and that the time has come to review the Upper Cretaceous and 
simplify its nomenclature. This statement, the writer believes, will 
have the support of oil geologists from California and the Mid- 
Continent, who are now entering the Rocky Mountain area. 

Granted that it should be simplified, many names eliminated, 
and some revised, this may be difficult to accomplish and there will 
be many different plans. To be correctly done, it must follow the 
rules for Classification and Nomenclature of Rock Units,? in which 
the statement is made “that lithologic constitution is now accepted 
as the controlling basis of subdivision, partly because of its useful- 
ness and immediate availability in mapping, and partly because of 
its genetic and economic significance.”” On that basis, lithologic con- 
stitution should be used as far as possible to subdivide the Upper 

3G. H. Ashley and others, Bull. Geol. Soc. America, Vol. 44 (1933), PP. 423-59- 
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Fic. 3.—Correlation chart of Upper Cretaceous formations in Rocky Mountain area. 
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Cretaceous, which means that the alternating sandstone and shale 
units of the western half of the Rocky Mountain area should be a 
controlling factor and their limits should be carried east as far as 
possible. 

The writer’s work throughout the region leads him to believe 
that in the western part the Upper Cretaceous can best be divided 
into five sandstone units with four intervening shale bodies and it 
will briefly be described here on that basis (Fig. 2). The five sand- 
stone units are a basal sandstone that covers the entire area, three 
large tongues or wedges that are thick near their source in the west 
and thin to a knife edge and vanish toward the east, and an upper 
sandstone that apparently covered all the region and marked the end 
of marine conditions. The four intervening shale units of the west 
thicken as the sandstones thin toward the east and merge as the sand- 
stones disappear, and finally in the eastern part are divided by only 
two limestones. 

The lowest sandstone is the basal sand of the encroaching Upper 
Cretaceous sea, which reworked materials left on the Jurassic and 
Lower Cretaceous flood plain and redeposited them in an irregular 
group of sandstones, sandy shales, and shales. This zone is 100-300 
feet in thickness.and in most places contains two, three, or even four 
or five individual sandstones, which are local lenses of limited extent, 
and not unbroken sheet sands. Throughout the Rocky Mountains 
this zone of sandy material is everywhere found at the base of the 
marine section, but one individual basal Dakota sand does not exist, 
as generally believed. The usual practice is to select three sandstones 
in this zone and, if the lowest one is coarse and conglomeratic, to 
give it the name Lakota‘ or an equivalent name and to regard it as 
Lower Cretaceous, to call the middle sandstone the true Dakota’ if 
it has dark shale above it, and to give the highest one the name 
Muddy’* or an equivalent name. The entire group has been given the 
name of Cloverly’ but that is little used, and the writer suggests that 
the name Dakota be broadened to include the group, that some 
local names be used for individual sandstones, and that many of the 
local names be dropped as unnecessary and confusing. This group is a 


4 N. H. Darton, “Geology and Underground Water Resources of the Central Great 
Plains,” U.S. Geol. Survey Prof. Paper 32 (1905), p. 34. 

5 F. B. Meek and F. V. Hayden, “Description of New Lower Silurian (Primordial), 
Jurassic, Cretaceous and Tertiary Fossils Collected in Nebraska Territory,” Philadel- 
phia Acad. Nat. Sci. Proc. 1861, Vol. 13, pp. 417-42. 

6 W. T. Lee, “Continuity of Some Oil-Bearing Sands of Colorado and Wyoming,” 
U.S. Geol. Survey Bull. 751 (1923), pp. 1-22. 

7 N. H. Darton, “Comparison of the Stratigraphy of the Black Hills, Big Horn 
Mountains and Rocky Mountain Front Range,” Geol. Soc. Amer. Bull., Vol. 15 (1904), 
Pp. 398. 
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transition from Lower Cretaceous into Upper Cretaceous and con- 
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tains varying amounts of each, but is a genetic unit. 


The next sandstone body (Fig. 4) is the lowest of the three sand- 
stone tongues and is here assumed to include the Frontier* formation 
of Wyoming, the Ferron® of Utah, the upper part of the Blackleaf" 
member of the Colorado group in Montana, and the thin Codell" 
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Fic. 4.—Map showing areas covered by Frontier, Ferron, Codell, and other sandstones 


believed to be parts of lowest sandstone tongue. 


8 W. C. Knight, Bull. Geol. Soc. Amer., Vol. 13 (1903), pp. 542-44. 


® C. T. Lupton, “The Geology and Coal Resources of Castle Valley, Utah,” U.S. 


Geol. Survey Bull. 628 (1916). 


10 Eugene Stebinger, “Oil and Gas Geology of the Birch Creek-River Area, North- 


western Montana,” U.S. Geol. Survey Bull. 691 (1919), pp. 149-84. 


1N. W. Bass, ‘“‘Geologic Investigations in Western Kansas,” Kansas State Geol. 


Survey Bull. rr (1926), p. 28. 
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sandstone of eastern Colorado. It is not generally agreed that these 
are all parts of the same body of sandstone; many are not ready to 
correlate them. The Blackleaf probably includes some beds older 
than the Frontier, as well as equivalent beds. Nevertheless, they 
were all deposited during an interval of Upper Cretaceous time, 
when renewed uplift of the Cordillera or increased erosion supplied 


| | R 400 
| 


Fic. 5.—Map showing areas covered by Eagle, Shannon, Emery and other sandstones 
believed to be parts of the middle sandstone tongue. 


more sand that was carried farther east into the sea. The Frontier 
sandstones were deposited on a great delta and its sandy beds thin 
to the north, east and south. The Ferron formation could have been 
entirely continuous with the Frontier or may have been deposited 
independently by another river. The Blackleaf is separate, but is 
probably on the outer edge of another delta that can not now be 
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seen. The writer argues that it is reasonable to assume that the 
same conditions caused the Cordilleran rivers to be more active at 
the same time and that these sandy beds will finally be proved to be 
of the same age. He suggests that work be done to determine this and 
if they are all as close to one age as he believes, that they be placed 
in one group, which might well be named the Frontier. Such a name 
would indicate that sandstone found at about that horizon is part of 
a great tongue that may be thousands of feet thick in eastern Utah 
but may thin to 5 feet in eastern Colorado, and will not leave the 
literature full of many apparently unrelated formations. As pre- 
viously stated, such a group can be subdivided in any locality into 
mappable formations and members, but many conflicting names 
should be eliminated. 

The next sandstone group (Fig. 2) includes the Emery” sandstone 
of Utah, the Shannon™ of Wyoming, and the Eagle™ and Virgelle’ of 
Montana. It is not as thick as the other two sandstone wedges, but 
is prominent in central Wyoming and Montana and has been mapped 
throughout large areas. There is less occasion for argument about 
this group, because the Shannon has already been traced into the 
Eagle, the Virgelle is known to be the lower part of the Eagle, and 
the Emery also has an Eagle fauna. The writer believes it would be 
helpful if geologists would admit that the exact limits of such a 
sandstone tongue vary from place to place and that varying transi- 
tion zones occur between it and the adjacent shale, and agree on one 
name for this tongue throughout the entire area. The writer would 
suggest here that, if it can be done, the names Emery, Shannon, and 
some others be dropped, that the group be named the Eagle, and that 
the Virgelle be called the Lower Eagle. 

The third and upper sandstone tongue (Fig. 2) includes the 
Mesaverde"® of Colorado and Wyoming, the Judith River’? of Mon- 
tana, and the Hygiene'® of eastern Colorado. At the present time the 


” F. R. Clark, “The Geology and Coal Resources of the Sunnyside, Wellington and 
Castlegate Quadrangles, Utah,” U.S. Geol. Survey Bull. 793 (1928), pp. 10-14. 

18 C. H. Wegemann, “The Salt Creek Oil Field, Wyoming,” U. S. Geol. Survey 
Bull. 452 (1911), pp. 37-83. 

4 W. H. Weed, “Geology of the Fort Benton Quadrangle, Montana,” U. S. Geol. 
Survey, Geol. Atlas, Folio 55. 

18 Eugene Stebinger, “‘Anticlines in the Blackfeet Indian Reservation, Montana,” 
U.S. Geol. Survey Bull. 641-C (1917). 

16 W. H. Holmes, “Geological Report on the San Juan District, Colorado,” U.S. 
Geol. and Geog. Survey Terr., Ninth Ann. Rept. for 1875 (1877), Pl. 35. 

17 T. W. Stanton and J. B. Hatcher, “Geology and Paleontology of the Judith 
River Beds,” U. S. Geol. Survey Bull. 257 (1905). 

18.N. M. Fenneman, “Geology of the Boulder District, Colorado,” U. S. Geol. 
Survey Bull. 265 (1905), pp. 31-33. 
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Mesaverde is considered a group and has been frequently described 
as a great tongue of sandstone that thins eastward,'* but no serious 
effort has been made to ascertain whether its area can be enlarged. 
If present knowledge or additional information shows that the sand- 
stones and sandy shales of the Hygiene formation in eastern Colorado 
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Fic. 6.—Map showing areas covered by Mesaverde, Hygiene, and Judith River for- 
mations, believed to be parts of upper sandstone tongue. 


pass into the zone of the Mesaverde, it should not be difficult to 
persuade the geologists in eastern Colorado to forget the name Hy- 
giene and use Mesaverde. The same is true of the Judith River in 
Montana, and the writer believes that all geologists except a few, 
who have lived most of their lives in that state, think Mesaverde 


19 Edmund M. Spieker and John B. Reeside, Jr., “Cretaceous and Tertiary Forma- 
tions of the Wasatch Plateau, Utah,’’ Geol. Soc. Amer., Vol. 36 (1925), pp. 435-54. 
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when they say Judith River. Of course, the writer believes all this 
group could best be named the Mesaverde. 

The uppermost sandstone (Fig. 2) is not as important in this dis- 
cussion, since it is recognized generally as one bed or group, the first 
of the great non-marine series that followed the withdrawal of the 
Upper Cretaceous sea. It is called the Fox Hills’ in most places and 
that name probably could be extended advantageously and such 
local names as Horsethief,?° Milliken," Trinidad,?? and Lennep** be 
dropped. 

This discussion of the sandstone tongues has not yet considered 
the areas in the west where the sandstones merge together and no 
intervening shale units exist. Theoretically that condition exists all 
along the eastern side of the Cordillera, but later uplift and erosion 
have removed that belt in most places. In south-central Montana the 
Upper Cretaceous above the Eagle sandstone contains much vol- 
canic material, and, since the different sandstone and shale units 
can not be mapped, the beds are all grouped into the Livingston™ 
formation. In northwestern Montana, for the same reason, inability 
to map them separately, the formations between the Eagle and the 
Bearpaw are called Two Medicine.** The same conditions may be 
found elsewhere as other inaccessible western areas are mapped and 
as more work is done on the non-marine beds above the marine 
Cretaceous in western Wyoming, Idaho, and Utah. In those areas 
suitable names must be used, but that should not prevent simpli- 
fication elsewhere. 

Returning to the central area, the division of the shales is more 
difficult than that of the sandstones, because all the shale units merge 
together eastward and throughout large areas have long been divided 
by paleontologic methods and by the few thin limestones that extend 
but short distances into the sandstone country. The well known 
faunal zones of the east side do not coincide at all with the sandstone 
tongues but cut across their boundary lines. Thus, the Codell sand- 


20 Eugene Stebinger, “The Montana Group of Northwestern Montana,” U. S. 
Geol. Survey Prof. Paper go (1914), p. 62. 


21 Junius Henderson, “The Cretaceous Formations of Northeastern Colorado,” 
Colorado Geol. Survey Bull. 19 (1920), pp. 22-23. 


2 R. C. Hills, “Elmoro, Colorado,” U.S. Geol. Survey Geol. Atlas, Folio 58 (1899). 


23R. W. Stone and W. R. Calvert, “Stratigraphic Relations of the Livingston 
Formation of Montana,” Econ. Geol., Vol. 5 (1910), p. 746. 


4 J. P. Iddings and W. H. Weed, U.S. Geol. Survey Geol. Atlas No. 1, Livingston, 
Montana (1894). 


2 Eugene Stebinger, “The Montana Group of Northwestern Montana,” U. S. 
Geol. Survey Prof. Paper go (1914), p. 62. 
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stone of eastern Colorado, which the writer regards as an eastern 
remnant of the Frontier formation, is entirely below the Fort Hays” 
limestone of Niobrara’ age, but much of the Frontier formation in 
western Wyoming contains Niobrara fossils. 

The writer believes that the best way to divide the shale will be 
to use the two major groups, Colorado?’ and Montana,”* that are 
now in the literature of Montana and Utah, but which were first 
used in eastern Colorado. The dividing line between the two groups 
is the top of the Niobrara faunal zone, which is a mappable horizon 
throughout a large area in the plains states, but which has been 
mapped very little in western Wyoming and Montana. However, the 
men most familiar with the Niobrara claim that they are mapping 
its top farther and farther west. If it is possible to include all the 
Upper Cretaceous marine shale in the two groups, it may prove more 
acceptable to call the upper group Pierre’ instead of Montana, since 
Pierre was first introduced and is used more generally. Such a clas- 
sification would call the shale between the Dakota and the Frontier 
the Lower Colorado; the shale between the Frontier and the top of 
the Niobrara faunal zone the Upper Colorado; the shale between the 
top of the Niobrara and the base of the Eagle the Lower Pierre or 
Lower Montana; the shale between the Eagle and the Mesaverde 
the Middle Pierre or Middle Montana; and the shale between the 
Mesaverde and the Foxhills the Upper Pierre or the Upper Montana. 
This classification does not provide for the areas where the top of 
the Niobrara is not now mapped or may never be mapped. In western 
Colorado the Mancos”® shale includes all strata from the Dakota up 
to the base of the Mesaverde and would not fit well into this system, 
but several geologists working in that district believe that the 
Mancos can be divided into the units of other areas, and that the 
name Mancos might be eliminated. In western Wyoming it may be 
best to use one name for the shale between the Frontier and the 
Eagle where the top of the Niobrara has not been mapped, at least 
until it has been mapped, but such a name could be followed by a 
bracket to show that it was Upper Colorado-Lower Pierre. 

26 B. F. Mudge, “‘Notes on the Tertiary and Cretaceous Periods of Kansas,” U.S. 
Geol. and Geog. Survey Terr., Vol. 2 (1876), pp. 218-21. 

S. W. Williston, “The Niobrara Cretaceous of Kansas,’’ Kansas Acad. Sci. Trans. 
for 1891-1892, Vol. 13 (1893), pp. 108-09. 

27 C. A. White, ‘Report on the Paleontological Field Work for the Season of 1877,” 
11th Ann, Rept. U. S. Geol. & Geog. Survey Terr. for 1877, pp. 179, 186-87. 

28 G. H. Eldridge, “(On some Stratigraphical and Structural Features of the Coun- 
try about Denver, Colorado,” Colorado Sct. Proc., Vol. 3 (1888). 

29 Whitman Cross, U. S. Geol. Survey Geol. Atlas No. 57, Telluride, Colo. (1899), 
Pp. 4. 
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In the eastern plains there are two limestones, the Greenhorn*® 
and Niobrara-Timpas*-Fort Hays, which have been mapped over 
wide areas and are valuable stratigraphic horizons. They should con- 
tinue as formations or members of the groups suggested, but one 
name, probably the Fort Hays, should supersede the names Timpas 
and Niobrara. There is also an important siliceous shale member, the 
Mowry" or Aspen,*? which extends from western Wyoming to the 
Black Hills of South Dakota but whose exact north and south 
limits are unknown. It should, of course, stay in the literature as a 
siliceous shale member, but the name Aspen could well be dropped. 

In conclusion, the groupings and changes suggested may not be 
the best ones and may prove unacceptable, but the writer repeats 
that the present nomenclature of the Upper Cretaceous is very con- 
fusing and should be revised and simplified. He believes that the com- 
mittee on geologic names could well encourage conferences of federal, 
state, university, and economic geologists to consider such situations, 
and to attempt to simplify geologic names. The writer hopes that this 
paper on the Upper Cretaceous will arouse such discussion, lead to 
more research on the problem, and perhaps to a conference of those 
most interested and familiar with it. He thinks that any new group- 
ings or changes should have the approval of most of the geologists in 
the particular area and asks that none of the suggestions made in 
this paper be used unless they are approved by the majority of the 
other geologists. To attempt to force a different grouping that was 
not generally acceptable would only make the literature more con- 
fusing. 

DISCUSSION 

Cuar Les S. Lavincton, Denver, Colorado (discussion received May 109, 
1937): Mr. Bartram assumes that the source of all the Upper Cretaceous 
sediments of the Rocky Mountain region was far on the west in Utah, Idaho, 
and British Columbia. On the contrary, I believe that there is ample evidence 
that it did not all come from the west. For example in eastern Colorado some 
of the members of the Dakota, and the so-called ‘‘Greasewood”’ sandstone 
appear to thin out toward the west and the Codell sandstone of western 
Kansas also appears to thin and pinch out in places on the west in eastern 
Colorado. Furthermore, there are sandstones in the Pierre in western Neb- 
raska which do not appear to connect with the sandstones of the Pierre farther 
west. There is also some evidence that the Hygiene series of northeastern 


3° G. K. Gilbert, ““The Underground Water of the Arkansas Valley in Colorado,” 
U.S. Geol. Survey 17th Ann. Rept., Pt. II (1896), pp. 565-67. 


3tN. H. Darton, “Geology and Underground Water Resources of the Centrai 
Great Plains,” U.S. Geol. Survey Prof. Paper 32 (1905), p. 187. 


# A.C. Veatch, “Geography and Geology of a Portion of Southwestern Wyoming,” 
U. S. Geol. Survey Prof. Paper 56 (1907), pp. 64-65. 
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Colorado and the Mesaverde of west-central Colorado had a local source 
somewhere in the vicinity of central Colorado. The Upper Cretaceous beds 
are more than 9,000 feet in thickness in the vicinity of New Castle, Colorado, 
and probably still thicker in the vicinity of Craig. In the Denver basin also 
there are more than 8,000 feet of Upper Cretaceous strata, and these greater 
thicknesses occur where the sandstones thicken. 

The present group boundaries, as defined in eastern Colorado, are easily 
recognizable, represent lithologic changes, and there should be no need to 
move them. The top of the Niobrara formation, which represents the division 
between the Colorado and Montana groups, is the first readily recognizable 
marker in well cuttings in northeastern New Mexico, eastern Utah, Colorado, 
western Kansas, western Nebraska, southwestern South Dakota, and eastern 
Wyoming, and is also easily placed in the field. 

The name Mancos, which includes Benton, Niobrara, and part of the 
Pierre or Montana, can well be discarded. 

Joun G. Bartram (discussion received, June 1, 1937): Mr. Lavington 
states there is ample evidence that all the Upper Cretaceous sediments did 
not come from the west. I admit that a little may have come from other 
directions, but very little, and I do not believe he has proved his point. The 
westward thinning of a member of the Dakota group and of the thin Codell 
sandstone would not alone disprove a western source for their sands. There 
could be local or fairly large areas in which they were not deposited or from 
which they were eroded. I can not agree with his suggestion that the Hygiene 
and Mesaverde formations might have had a local source in central Colorado. 
I do not know of. any conglomerates or’ coarser sediments in the Pierre or 
Montana rocks of central Colorado, such as one would expect around a land 
mass large enough to furnish the formations in question. I believe that the far 
western land mass and the geosyncline along its eastern side moved eastward 
and that in Mesaverde time the bottom of the trough was near New Castle 
and Craig, Colorado, and that the Mesaverde sediments were thickest there 
in the bottom of the geosyncline, but that they came from a western source. 
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EVOLUTION OF GULF COAST CRUDE OIL' 


DONALD C. BARTON? 
Houston, Texas 


ABSTRACT 


Comparison of the A.P.I. gravity and percentage content respectively of Miocene, 
Oligocene, and Eocene Gulf Coast crude oils from depths of 3,000 to 5,000 feet with 
the oils of corresponding age from depths of 5,000 to 7,000 feet shows that the A.P.I. 
gravity of the fractions and the percentage content of the lower boiling fractions tend 
to increase with depth and age. The base of both the lower and the higher boiling frac- 
tions tends to change with increasing depth and age from naphthenic to intermediate, 
and almost to paraffinic. In order of similarity, those age-depth groups of crude oils 
are arranged: shallower Miocene, shallower Oligocene, deeper Miocene, shallower 
Eocene, deeper Oligocene, deeper Eocene. 

That variation of the Gulf Coast crude is consistent with transformation under 
the influence of time and some factor or factors proportional to depth below the surface 
but is inconsistent with alteration under the influence of time and some factor or factors 
proportional to nearness to the surface. The theory of evolution of the Gulf Coast 
crude oils from heavy naphthenic ancestral oils under the influence of time and some 
depth factor or factors therefore still is advocated. The evolution consists in, (a) de- 
crease of the specific gravity of all but the lowest boiling fractions, (b) increase in per- 
centage content of the lower boiling fractions, and (c) transformation of the base from 
naphthenic toward and almost to paraffinic. Cracking can not be the main reaction in 
the evolution. Methanation, possibly plus cracking, is regarded as the most plausible 
explanation of the evolution. 

This law of the variation of crude oil is only one of many; and occurrences of one 
type do not preclude the existence of other types. 


INTRODUCTION 


This paper presents the results of a more exhaustive study than 
that which was reported in “Natural History of the Gulf Coast 
Crude Oil.’’* The percentages of gasoline, kerosene, gas oil, lubricat- 
ing fractions, and residuum were used in that study as the criteria 
characterizing the composition of the crude oil. Those criteria, how- 
ever, are rather inexact and arbitrary for that purpose. The absence 
of kerosene in the Miocene crude oils, for example, is the result of 
the definition of kerosene as having a certain range of boiling point 
and a certain maximum specific gravity. In the Miocene Gulf Coast 
crude oil, the fractions which distill over within the specific range 
have specific gravities exceeding that maximum and therefore are 
classed as gas oil. An extra light oil, furthermore, may be light be- 

1 Manuscript received, April 14, 1937. Read before the Association at Los Angeles, 
March 109, 1937. 

? Humble Oil and Refining Company. 


3 Donald C. Barton, “Natural History of the Gulf Coast Crude Oil,” Problems of 
Petroleum Geology, Amer. Assoc. Petrol. Geol. (1934), pp. 109-55. 


914 


4 
4 
F 
q 
a 
q 


EVOLUTION OF GULF COAST CRUDE OIL QI5 


cause of its extra content of light constituents, or because of the 
low specific gravity of its constituent fractions, or because of both. 
The composition of crude oil stated in terms of the percentage con- 
tent of gasoline, kerosene, gas oil, lubricating fractions, and residuum 
gives only approximate indication of the variation in the character 
of the individual fractions among different crude oils. In the Hempel 
method, which the United States Bureau of Mines uses in making 
its analyses of crude oil, the cuts are taken at 50 degrees Centigrade 
and every 25 degrees from 50 degrees to 275 degrees at atmospheric 
pressure; at 200 degrees at 40 millimeters of mercury vacuum; and at 
every 25 degrees from 200 degrees to 300 degrees at 40 millimeters 
pressure. The specific gravity of a cut is directly related to its molecu- 
lar composition, and as the cuts are fairly narrow, it is an approxi- 
mate empirical criterion of the molecular character of a cut. State- 


TABLE I 


MEAN PERCENTAGE COMPOSITION OF GuLF Coast CRUDE OILs BY 25 DEGREES 
CENTIGRADE DISTILLATION FRACTIONS 


3,000-5,000-Foot Zone 5,000-7,000-Foot Zone 
Distillation Miocene 
Range — (Two very 


Miocene Weighted Diver- Oligo- Eocene Miocene — Eocene 


Atmospheric 


Pressure — Analyses 
Omitted) 
(Degrees 
Centigrade) 
50- 75 _ 0.5 0.6 

75-100 0.5 0.5 0.2 0.6 1.9 0.3 3.2 5.2 
100-125 ‘3 0.7 1.0 4-4 0.4 4.2 7-7 
125-150 3.3 2.0 0.8 1.0 4-3 0.8 4-4 6.7 
150-175 3-4 3-9 4-5 2.4 5.0 6.5 
175-200 3.8 3.2 3.6 5.0 3-6 2.5 5-9 
200-225 5.2 £.5 6.2 5.8 5-9 6.5 6.5 
225-250 8.0 7-9 9.0 8.1 9.1 9.6 8.7 
250-275 11.6 13.4 10.4 13.0 II.0 10.9 
qgomm, 

Pressure 
(Degrees 
Centigrade) 

0-200 8.2 8.0 8.5 7.3 9.0 6.7 7.8 
200-225 9.2 9.6 9.6 7.8 9-3 7.6 
225-250 7.6 7-9 7.6 6.8 8.3 6.2 6.1 
250-275 6.8 7.2 7.0 6.2 6.6 ee 4.8 
275-300 7.9 8.3 ee 6.8 7-9 6.4 5-0 

Residuum — 23.1 25.8 25.5 20.9 21.0 23-5 18.0 9.6 
Sulphur 0.25 0.36 0.31 0.19 0.25 0.12 


* In the main, th so-called “Middle Oligocene,” which by many stratigraphers is now being referred 
to the basal Miocene. 
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TABLE II 
A.P.I. GRAvITY OF THE 25 DEGREES CENTIGRADE DISTILLATION FRACTIONS 
3,000-5,000-Foot Zone 5,000-7,000-Foot Zone 
Distillation : Miocene 
Range — (Two 
very Di- Oligo- Oligo- 
Atmospheric Miocene sergent cone Eocene Miocene Eocene 
Pressure to Analyses 
? Omitied) 
(Degrees 
Centigrade) 
50-75 72-7 75-1 70.4 78.4 74.0 

75-100 65.9 65.8 64.0 59-9 64.2 66.4 63.8 65.4 
100-125 59.2 57-7 58.9 56.2 56.5 60.2 57-0 55.6 
125-150 53.2 52.0 52.8 52.0 51.4 54.2 52.3 50.5 
150-175. 47-7 45-9 45-4 47-3 45-6 48.0 47.6 
175-200 41.3 40.2° 39-7 42.8 41.4 44.1 45-7 
200-225 36.2 35-9 36.0 39-5 37.0 40.4 43-1 
225-250 32.6 32.8 32.7 35-8 34.0 36.8 39.8 
250-275 29.9 30.1 30.2 32.9 31.2 34.6 36.5 
4o mm. 

Pressure 
(Degrees 
Centigrade) 

0-200 26.5 27.9 27.0 30.2 28.2 30.3 33-8 
200-225 25.2 25.9 26.2 29.4 27-3 29.5 33-5 
225-250 23.5 24.4 24.3 27.8 25.5 27.6 32.0 
250-275 21.02 22.4 22.8 26.0 23.7 25.6 30.5 
275-300 20.1 20.8 21.1 24.0 22.0 9.7 28.9 
Residuum 16.9 17.1 17.3 17.4 17.1 19.1 19.2 


ment of the composition of a crude oil in terms of the percentage and 
gravity of these cuts gives a much more detailed and refined char- 
acterization than the summarized statement of the composition in 
terms of gasoline, kerosene, etc. But with the use of the latter, less 
exact characterization of the composition of crude oil, the earlier 
study definitely showed a systematic increase of the lighter consti- 
tuents and necessarily a corresponding decrease of the heavier con- 
stituents with increasing depth and age of the crude oil. The present 
study is a more exact investigation of the character of that variation. 

Summarized basic data for the variation of Gulf Coast crude oil 
are given in Tables I and II. These data are based on U. S. Bureau 
of Mines analyses of Gulf Coast crude oils. The number of analyses 
from which these data were compiled are given in Table III. In order 
greatly to reduce the tediousness of handling the data, the crude oils 
were divided into two groups: (1) those coming from producing 
horizons at depths between 3,000 and 5,000 feet; and (2) those coming 
from producing horizons at depths between 5,000 and 7,000 feet. The 
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TABLE III 


NUMBER OF ANALYSES AND THE MEAN DEPTH OF PRODUCING SANDS FROM WHICH THE 
CrupE Ort CAME 


Distillation Range 3,000-—5,000-Foot Zone 5,000 -7,000-Foot Zone 
Atmospheric | Miocene Oligocene Eocene Miocene Oligocene Eocene 
Pressure 
(Degrees 
Centigrade) 

50- 75 I 2 I 

75-100 6 3 6 6 3 
100-125 10 3 8 I 6 3 
125-150 Ir 4 8 4 6 3 
150-175 18 7 8 4 7 3 
175-200 29 9 II 5 8 3 
200-225 27 9 II 5 8 3 
225-250 27 9 II 5 8 3 
250-275 27 9 II 5 8 3 

4o mm. Pressure 
(Degrees 
Centigrade) 

0-200 27 9 II 5 8 3 
200-225 27 9 II 5 8 3 
225-250 27 9 II 5 8 3 
250-275 27 9 II 5 8 3 
275-300 27 ‘9 II 5 8 3 

Residuum 16 7 9 5 
Carbon 35 9 II 5 8 3 
Sulphur 35 9 II 5 8 3 
Mean Depth 3,549 3,804 3,530 5,640 6,143 5,193 


study of the variation of the crude oil with depth was based on the 
variation between the respective means for the upper zone and the 
corresponding means for the lower zone. 


DESCRIPTIVE DATA 
VARIATION OF PERCENTAGE CONTENT OF FRACTIONS WITH 
DEPTH AND AGE 

The content of the lower boiling fractions in the oils of each of the 
ages is greater in the 5,000~7,000-foot zone than in the oils of the 
3,000-5,000-foot zone; and within each of those depth zones the con- 
tent of those lower boiling fractions increases with increasing age of 
the producing horizons from which the samples of crude oil were 
taken. Conversely, the content of the higher boiling fractions is 
lower in the deeper groups of crude in comparison with the shallower 
groups of corresponding age and is lower in the older oils in each of 
the two depth groups of crude oils. The fact of those two laws of 
variation of the crude oil can be seen in the summary given in Table 
IV. The data of Tables I, II, and IV are the same as those which 
were used in “Natural History of the Gulf Coast Crude Oil,’’* and 
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these two laws of variation of the crude are essentially the same 
two laws which are found in that earlier study. The slight difference 
holds that the two laws just stated refer solely to percentage content 
of fractions boiling within certain temperatures and pressure ranges, 
whereas the similar laws of that earlier study refer to percentage 
content of fractions which in the main depend upon the boiling range 
but which also depend in part upon the gravity of the fractions. 

Statistically, the study is based on fewer analyses than the writer 
would like; only three analyses were available for Eocene crude oils 
from depths between 5,000 and 7,000 feet and only five analyses for 
Miocene oils from that zone, but the pattern of variation is consistent 
throughout Table IV, and the differences are large, except in case of 
the Miocene crude oil from depths of 3,000-5,000 feet. 


TABLE IV 


VARIATION OF THE PERCENTAGE CONTENT OF Low, MEpIuM, AND HicH BorLinc 
FRACTIONS WITH DEPTH AND WITH AGE 


I. A. Fractions Boiling between o Degrees and 275 Degrees Centigrade at Atmospheric 


Pressure 

Miocene Oligocene Eocene 
3,000-5,000 foot zone 33-0 (31.3)* 37-8 44.6 
5,000-7,000 foot zone 34-4 49-5 58.6 


B. Fractions Boiling between o Degrees and 300 Degrees Centigrade at 40 mm. Pres- 
sure (Lubricating Fractions) 
3,000-5,000-foot zone 41.1 (41.8)* 40.9 34.3 
5,000-7,000-foot zone 41.6 32.1 2.5 


C. Residuum. Fractions Which Do Not Boil Over below 300.1 Degrees Centigrade 
at 40 mm. Pressure 
3,000-5,000-foot zone 25.7 (26.8)* 21.3 21.1 
5,000-7,000-foot zone 23.9 18.3 9.6 


II. Variation with Depth 
(Percentage 5,000-7,000-foot zone) less (percentage 3,000-5,000-foot zone) 


Fraction Boiling 0-275 Degrees 0-300 Degrees 
between Centigrade Centigrade Residuum 
tmos qomm 
Miocene + 1.4 +0.5 — 1.9 
Oligocene +11.7 —8.8 — 3.0 
Eocene +14.0 —2.8 —11.5 


IIT. Variation with A ge (Increase with Age +) 
3,000-5,000 Feet 


Miocene to Oligocene + 4.8 —0.2 — 4.4 
Oligocene to Eocene + 6.8 —6.6 — 0.2 
5,000-7 ,000 Feet 

Miocene to Oligocene +14.1 —9.5 — 5.6 
Oligocene to Eocene + 9.1 —o.6 — 8.7 


* Two very divergent analyses eliminated. 


The two laws of variation which the table shows seem, therefore, 
to be real and not merely apparent. In conformity with the two 
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laws, the youngest group of oils, in which the depth factor has been 
working for the shortest time, shows the least variation with depth, 
and the oldest group of oil shows the greatest variation with depth; 
and the shallower group of oils, on which a weaker depth factor 
would have been working, shows less variation with age than the 
oils of the deeper group, on which a stronger depth factor would 
have been working. 


VARIATION OF A.P.I. GRAVITY OF FRACTIONS WITH DEPTH AND AGE 


The A.P.I. gravity of the individual distillation fractions tends to 
increase (specific gravity to decrease) with depth for all of the cuts 
of the crude oils of each of the three geologic ages, if the crude oils 
from the 3,000-5,000-foot zone are compared with those from the 
5,000-7,000-foot zone. The size of the increase for each of the three 
geologic ages is shown in Table V. Three exceptions to the general 
rule are present; decrease of the A.P.I. gravity is shown by one of 
the cuts of the Miocene oils, and by two of the cuts of the Eocene 
oils. The three cases of decrease of the A.P.I. gravity (increase of the 
specific gravity) are all in cuts which distill over below 175°C. Those 
fractions of low boiling point show more irregularity in these studies 
than do those of higher boiling point. Different groups of oils, fur- 
thermore, seem to exist in some cases among oils of a common geo- 
logic period and seem probably to have original differences between 
the A.P.I. gravity of corresponding distillation cuts. In the case of 
the aberrant Miocene cut only four analyses were available for crude 
oils from the depth of 5,000~-7,000 feet; and in the case of the two 
aberrant Eocene cuts only three analyses were available of crude oils 
from depths of 5,000-7,000 feet. Those three exceptions therefore 
easily might be the effect of such original differences in character. 
But the strong predominance of the increase of A.P.I. gravity with 
depth seems, therefore, to indicate a definite tendency for increase of 
A.P.I. gravity with depth in all of the distillation cuts. 

The A.P.I. gravity of the bulk of the fractions of the crude oil 
tends to increase (specific gravity to decrease) with age; and the 
base of the crude oils tends to change from naphthenic toward 
paraffinic with age; but a strong suggestion is given of decrease of 
the A.P.I. gravity of the low boiling (light) fractions with geologic 
age (Table VI). All of the fractions distilling over below 225 degrees 
Centigrade at atmospheric pressure are lighter and have a higher 
A.P.I. (lower specific) gravity in the 3,000-5,000-foot Miocene crude 
oils than in the Oligocene oils of the same depth zone; and for most 
of the fractions the differences are substantial. And similarly in the 
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crude oils from the deeper 5,000—7,000-foot zone, the fractions boiling 
below 175 degrees Centigrade atmospheric pressure are lighter in 
the Miocene crude oils than in the Oligocene crude oils. Over the 
age period Oligocene to Eocene, one light fraction, that distilling over 
between 125 and 150 degrees Centigrade at atmospheric pressure, is 
lighter in the 3,000-5,000-foot Oligocene oils than in the Eocene oils 
from that depth zone; and in the oils from the 5,000-7,000-foot zone, 
the three fractions distilling over between 100 and 175 degrees Centi- 
grade at atmospheric pressure are lighter in the Oligocene oils than 
in the Eocene oils. All other fractions show a decrease in the A.P.I. 
(an increase in the specific) gravity with age, and in general the in- 
crease is substantial; for a large number of the fractions, the decrease 
ranges from 2 to 4} degrees A.P.I. The decrease (increase of the 
specific gravity) for the residuum is too small to be significant sta- 
tistically in three of the four cases; nevertheless, all four cases show a 
decrease in the A.P.I. gravity of the residuum. Original genetic dif- 
ferences in character between the Miocene, Oligocene, and Eocene 
crude oils may account for part of the observed differences in those 
lighter fractions. Nevertheless, the occurrence of the decrease in 
A.P.I. (increase of specific) gravity in some of the very light fractions 
in each of the four groups of oils of Table VI and the consistent and, 
in the main, substantial reverse relation in the higher boiling frac- 
tions, suggests strongly a tendency toward the reverse variation with 
age in the low boiling fractions. But quantitatively the percentage 
content of the fractions which are affected by this reverse relation of 
decrease of A.P.I. (increase of specific) gravity with age is small com- 
pared to that of cne rest of the fractions in which substantial increase 
of A.P.I. (decrease of specific) gravity takes place with age. And the 
total influence on the oil is overwhelmingly a very substantial in- 
crease in the A.P.I. (decrease of the specific) gravity of the crude oil 
as a whole. 
CHANGE OF BASE OF CRUDE WITH DEPTH 


Change of the base from naphthenic toward, and almost to, paraf- 
finic with increasing depth is definitely shown by the Miocene, Oli- 
gocene, Jackson Eocene, and Lower Eocene crude oils; and a similar 
change with increasing age is indicated as probable. 

As empirical indicators of the base of a crude oil, the United States 
Bureau of Mines uses the gravity of two fractions which distill over 
respectively between 250 and 275 degrees Centigrade at atmos- 
pheric pressure and between 275 and 300 degrees Centigrade at 40 
millimeters of mercury pressure.‘ 


‘ E. C. Lane and E. L. Garton, “‘Base’ of a Crude Oil,” U.S. Bureau of Mines, 
Report Investigations 3279 (September, 1935), 12 pp. 
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The following empirical relations have been found by the United 
States Bureau of Mines: (a) that the lower boiling fractions are (1) 
paraffinic, if the specific gravity of the first of those two fractions 
(key fraction No. 1) is 0.825 or less (40 degrees A.P.I. or higher), 
(2) intermediate, if the specific gravity of the fraction is between 
0.825 and 0.860 (between 40 degrees and 33 degrees A.P.I.), and 
naphthenic, if the specific gravity of that fraction is 0.860 or higher 
(33 degrees A.P.I. or less); and (b) that the higher boiling fractions 
are: paraffinic if the specific gravity of the other key fraction (No. 2) 
is 0.877 or less (30 degrees A.P.I. or more) ; intermediate if the specific 
gravity of that fraction is between 0.877 and 0.930 (between 30 de- 
grees and 20 degrees A.P.I.), and naphthenic if specific gravity of 
that fraction is c.930 or more (20 degrees A.P.I. or less). 

Graphs of specific gravity plotted against depth for each of the 
two key fractions are given in Figure 1. 

Decreasing specific gravity with increasing depth is shown def- 
initely in both of the two key fractions by the Miocene, Oligocene, 
Jackson Eocene and Lower Eocene crude oils. The product cor- 
relation coefficients’ and the probability factor® are given in Table 
VII, J. Significant correlation is shown by the Miocene and Oligo- 
cene crude oils for both key fractions, and by the Eocene crude oils 
for key fraction No. 2. The Lower Eocene crude oils taken by them- 
selves show a fairly significant degree of correlation in both key frac- 
tions. The correlation for the Jackson Eocene crude oils has a lower 
degree of probability, 91 chances out of 100; but it conforms to the 
correlation shown by the Miocene, Oligocene, and Lower Eocene 
crude oils and therefore presumably is significant. A low degree of 
correlation is shown by both key fractions of the Pliocene crude oils, 
but has no great degree of significance. In both key fractions of the 
Pliocene crude oils, however, the correlation is in the direction of 
decrease of specific gravity with depth. 

Change in the character of the base from naphthenic at shallow 
depth to intermediate at moderate depth and to paraffinic at very 
great depth is definitely indicated for the oils of Miocene, Oligocene, 
and Eocene age. The higher boiling fractions have progressed farther 
in the transformation from naphthenic to paraffinic than have the 
lower boiling fractions. And expectably the higher boiling (heavier) 
fractions should become paraffinic at a shallower depth than should 
the lower boiling (lighter) fractions. The higher boiling fractions of 


5 R. E. Chaddock, Principles and Methods of Statistics, Houghton Mifflin and Co. 
(1925), p. 268. 

6 R.A. Fisher, Statistical Methods for Research Workers, Oliver and Boyd (London, 
1930), Pp. 176. 
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SPECIFIC GRAVITY OF FRACTION DISTILLING OVER BETWEEN 250-275" C AT ATMOSPHERIC PRESSURE 
PLIOCENE MIOCENE OLIGOCENE JACKSON LOWER EOCENE SUMMARY 
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SPECIFIC GRAVITY OF FRACTION DISTILLING OVER BETWEEN 275-300° C AT 40 MM PRESSURE 


PLIOCENE MIOCENE OLIGOCENE JACKSON LOWER EOCENE SUMMARY 
| INTERMEDIATE | 

1000} 25 1000 
we | 
= 2 {e000 
x x 
sooo} -{s000 
ra} ra) 
«7036 a *-064 | | 

020 2 P+ 009 005 | 
NAPHTHENIC PNTERMEDIATE| NAPH THE NIC | INTERMEDIATE NAPHTHENIC INTERMEDIATE THE | INTERME DATE NAPUTHENIC 
20 940 960 900 920 940 960 900 @80 300 320 380 980 300 320 980 880 300 320 940 960 
SPECIFIC GRAVITY OF GULF COAST CRUDE OIL 
PLIOCENE MIOCENE OLIGOCENE JACKSON LOWER EOCENE 
w 
3000) 
4000}. 2 2 Je000 
= 
S000} 
6000}- {6000 
{7000 


Fic. 1.—Depth variation of the specific gravity of key fraction No. 1, key fraction No. 2, and of the crude 
oil respectively for Pliocene, Miocene, Oligocene, Jackson Eocene, and Lower Eocene crude oils of the Gulf 


Coast. Data from the analyses by the United States Bureau of Mines. 
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the Eocene crude oil tend to be naphthenic at depths less than 2,500- 
3,000 feet. Whereas, the base of the lower boiling fractions tends to 
be naphthenic down to depths of 4,500 to 5,000 feet; and in the 
Miocene and Oligecene crude oils, the dividing line between naph- 
thenic at shallower depth, and intermediate at greater depth tends 
to be at a depth of 3,500-4,000 for the higher boiling fractions and 
at a depth of 6,000 feet in the lower boiling fractions (Table VII, JJ); 


TABLE VII 
DECREASE OF SPECIFIC GRAVITY WITH DEPTH 


I. Correlation and Probability Factors, and Rate of Decrease 


Key Fraction No. 1 Key Fraction No.2 
Distilling between 250 and 275 Degrees Distilling between 275 and 300 Degrees 
Centigrade Centigrade 
Atmospheric Pressure 4o mm. Pressure 
Corre- Probabil- Specific Correla- Probabil- Specific 
lation* ityt Gravity tion* ityt Gravity 
Coefficient Factor Decrease Coefficient Factor Decrease 
r P per 1000 r F per 1000 
Feet Feet 
Pliocene —0.06 large —o.36 
Miocene —0.50 <o.o1 0.008 —o.69 <o.o1 0.014 
Oligocene —0.79 <o.o1 0.012 —o.58 <o.o1 ©.014 
Jackson Eocene —o0.63 0.09 —0.64 0.09 0.027 
Lower Eocene 0.05 ©.010 —0.62 0.05 0.018 
Eocene —0.42 0.08 0.008 —0.64 0.01 0.010 
II. Depth at Which the Base of the Mean Crude Should Become Intermediate and Paraffinic 
Key Fraction No. 1 Key Fraction No 2 
Become: Intermediate  Paraffinic Intermediate Paraffinic 
Pliocene (5,000) (3,000) 
Miocene 6,000 10, 500 feet 3,500 8,000— 
Oligocene 6,000 9,000 feet 4,000 8,000+ 
Jackson Eocene 5,000 8,000 feet 3,000 5,000— 
Lower Eocene 4,500 9,500 feet 2,500 5,000+ 


* 1.00=perfect correlation. 
+ Probability factor shows chance that this observed correlation is accidental; 1.00=certainty. 
t Extrapolation based on rate of variation of Miocene crude oils. 


the dividing depth between naphthenic and intermediate base tends 
to be 1,500-2,000 feet shallower in the higher boiling fractions than 
in the lower boiling fractions of the same crude oils. The base of the 
higher boiling fractions of the Eocene and Oligocene crude oils is 
almost paraffinic; and in view of the definite and probably linear 
change in the character of the base, expectably the base of the crude 
oils should tend to become paraffinic below certain depths (Fig. 1). 
The Eocene crude oils should tend to be paraffinic at depths greater 
than 5,000 feet in the higher boiling fractions and 8,000~-9,500 feet 
in the lower boiling fractions. The Miocene and Oligocene crude oils 
should tend to become paraffinic at depths greater than 8,000 feet 
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in the higher boiling (heavy) fractions and 9,000—10,500 feet in the 
lower boiling fractions.’ 

The general trend, and the complication in the trend, toward 
change in the character of the base from naphthenic toward paraf- 
finic, with age, are shown by the summary diagram of the variations 
of the specific gravity of the two key fractions with depth (Fig. 1). 
The slope of the line of mean variation and the position of the center 
of mean depth and mean specific gravity for the oils of each age is 
only qualitatively significant, for statistically they depend upon too 
few observations and therefore are only approximately accurate. 

The Miocene and Oligocene crude oils, on the whole, seem to be 
more naphthenic than the Eocene crude oils; and, on the whole, the 
Jackson Eocene crude oils are more naphthenic than the older Lower 
Eocene oils. 

The mean values of both Pliocene key fractions in Figure 1 have a 
lower specific gravity (higher A.P.I. gravity) than that which the 
corresponding key fractions of the average Miocene or Oligocene 
crude would have at comparably shallow depths. That fact, in con- 
siderable part, however, may be more apparent then real, for two 
reasons: (1) that only a minority of the crude oils whose analyses 
were used are indubitably Pliocene; and (2) that the extrapolation of 
the mean specific gravity of the Miocene, Oligocene, and Eocene 
crude oils respectively, from mean depths of 3,500, 4,800, and 3,100 
feet to a depth of 1,500 feet, is only approximate. Nevertheless, with 
allowance for those factors, the specific gravity of the two key frac- 
tions of average Pliocene crude oil seems to be at least as low (A.P.I. 
gravity as high) as that of the corresponding key fractions of the Mio- 
cene and Oligocene crude oils and, if anything, slightly lower. 

Determination of the law or laws of change in the character of 
crude oil with increasing geologic age is more complicated than 
determination of the laws of variation with depth. In the comparison 
of oils of one geologic age but of different depths from a single petro- 
leum province such as the Gulf Coast, indigenous oils of different 
original character may be present, but are likely to be found dis- 
tributed irregularly at all depths. The mean original character of the 
shallow, medium depth, and deep oils, therefore, should have been 
approximately identical. In comparison of oils of different geologic 
age but of common depth, from a common petroleum province, the 
oils of different geologic age presumably will have had a different 


7 Paraffinic Miocene oil is being produced from 11,615—30 feet in the middle 
Miocene at Livette, Louisiana. The A.P.I. gravity of key fraction No. 1 is 40°; and of 
key fraction No. 2, 30°, according to a U. S. Bureau of Mines analysis. 
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original character; and the differences which are observed in that 
comparison will be the combination of the original differences be- 
tween oils plus the effects of changes with age. Close similarity in 
the character of the ancestral oils of the Gulf Coast crude oils of the 
different ages was postulated in the report on “‘Natural History of 
the Gulf Coast Crude Oil.”’ A subsequent study of wider scope and of 
greater refinement, still under way, has convinced the writer that 
considerable differences of character existed between the ancestral 
oils and that not all Gulf Coast oils of common age have had ancestral 
oils of common character. 

An age effect which in the main consists in a decrease of the 
specific gravity of at least most of the fractions of the crude oil and 
in a transformation of the character of the oil from naphthenic toward 
paraffinic is suggested strongly by the data of Tables IV and VI, but 
in a confused way in Figure 1. But the change is not clearly a linear 
function, nor does it clearly affect all fractions of a crude similarly. 
A yet more refined study seems necessary definitely to formulate the 
law of variation of the character of crude oil with age. 


TABLE VIII 
VARIATION OF CONTENT OF ‘“‘CARBON RESIDUE”’ AND OF SULPHUR WITH AGE AND DEPTH 


“Carbon Residue” Sulphur 
Per Cent of Crude Per Cent of Crude 
I. Variation with Depth: (Mean son Feet) Less (Mean 3,000-5,000 Feel) 
+o. 


Miocene —0.13 
Oligocene —o. —0.19 
Eocene —1.0 —0.06 


II. Variation with Age 
3,000-5,000 foot Zone 


Miocene to Oligocene —0.2 —0.05 
Oligocene to Eocene +0.5 —0.13 
5,000-7,000 foot Zone 

Miocene to Oligocene —O.11 
Oligocene to Eocene ° ° 


VARIATION OF CONTENT OF SULPHUR AND OF CARBON 


The percent of sulphur in the Gulf Coast crude decreases slightly 
with age and depth (Table VIII) but the content of sulphur is low 
in Gulf Coast crude oils other than in exceptional crude oils such as 
the cap rock oil at Spindletop. The mean content of sulphur is highest 
in the Miocene crude oils from the 3,200-5,000-foot zone but is only 
0.36 per cent. In both the Oligocene and Eocene mean crude oils 
from the 5,000—-7,000-foot zones, it drops to the low value of 0.12 per 
cent. 

The content of “‘carbon residue” does not show consistent varia- 
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tion with either age or depth. The highest mean content of “carbon 
residue”’ is in the Miocene crude oils from the 5,000-7,090-foot zone, 
the next highest is in the Eocene crude oils from the 3,000-5,000-foot 
zone, and the least is in the Oligocene and Eocene crude oils from the 
5,000-7,000-foot zone. 


RELATIVE CLOSENESS OF SIMILARITY OF THE GROUPS OF CRUDE OILS 


A law of closeness of similarity seems to hold according to which 
the sequence of similarity is: Miocene oils of the 3,000-5,000-foot 
zone, Oligocene oils of the 3,000-5,000-foot zone, Miocene oils of the 
5,000-7,000-foot zone, Eocene oils of the 3,000-5,000-foot zone, Oli- 
gocene oils of the 5,000—7,000-foot zone, Eocene oils of the 5,000—7,090 
-foot zone. According to this law, oils of one age from the shallower 
zone are most like the next younger oils of the deeper zone. The 
degree of similarity between the different groups of oils of Miocene, 
Oligocene, and Eocene age from the depth zones of 3,000-5,000 feet 
and 5,000-7,000 feet are shown in Tables VIII and IX. 

The criterion which was used for the degree of relative similarity 
is the mean-square difference between the mean crude oils of the 
different groups. The difference was taken between the percentage 
content of a distillation fraction of the one crude and that of the cor- 
responding fraction of the other crude. The sum of the squares of 
those differences for all the fractions was taken and divided bythe 
number of fractions. The square root of the quotient is the mean- 
square difference between the two crude oils. A low mean-square 
difference indicates that two crude oils are closely alike; a large mean- 
square difference means that the crude oils were decidedly unlike. The 
mean-square differences were calculated in the same manner for the 
A.P.I. gravity of the distillation fractions..The mean-square dif- 
ferences which were obtained are tabulated in Table [X, Part J. 

The sequence of similarity of each of the groups of the crude oils 
to all the other crude oils is given in Part JJ of that Table. The Mio- 
cene crude oil from the 3,000-5,000-foot depth zone for example is 
most like the Oligocene crude oil from the 3,000-5,000-foot zone and 
most unlike the Eocene crude oils from the 5,000-7,000-foot zone; 
and the order of increasing dissimilarity to the other three groups of 
crude oils is: Miocene crude oils of the shallower group, Eocene crude 
oils of the shallower group, and Oligocene crude oils of the deeper 
group. 

The relative character of the mean crude oils of the different 
groups is expressed in Table X in terms of its mean-square difference 
from the mean Miocene crude oil of the 3,000-5,000-foot zone. In 
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Part II of Table X, the mean-square difference between that crude 
oil and the Eocene crude oil from the 5,000—-7,000-foot zone is taken 
as 100 and the other differences are expressed in percentages of that 
difference. The law was stated in the writer’s earlier paper, that the 
crude oils of different ages and depths had evolved from ancestral 
oils of a rather common type under the combined influence of a 
factor associated with depth and a factor associated with age; and 
that the present character of a crude oil tended to be merely a stage 
in that evolution, dependent on the age and depth of the crude oil. 
The figures of Table X, Part J/J7, would represent the degree of 
evolution from the heavier type of oils in the Miocene of the 3,000- 
5,000-foot zone to the lighter type in the Eocene of the 5,000-7,000- 
foot zone. 
TABLE X 


CHARACTER OF THE CRUDE OILS IN TERMS OF DEVIATION FROM THE 3,000~5,000-FOoT 
MIocENE CRUDE 


I. In Terms of Mean-Square Differences* 
A.P.I. Gravity of a Fraction Percentage Content of a Fraction 


Zone Miocene Oligocene. Eocene Miocene Oligocene Eocene 
3,000-5 ,000-foot ° 0.3 2.7 ° I.1 1.6 
5, 000-7 ,000-foot 1.2 3-4 6. 1.2 2.1 4.6 


II. In Terms of the Respective Difference between Mean-Square Differences for the 3,000- 
5,000-Foot Miocene and the 5,000-7,000-Foot Eocene Crude Oils Taken as 100 
A B 


Zone 
3, 000-5 ,000-foot ° 5 46 ° 23 34 
5, 000-7 ,000-foot 20 52 100 25 5° 100 
IIT. Means of II A and B 

Zone Miocene Oligocene Eocene 
3, 000-5 ,000-foot ° 14 40 
5, 000-7 ,000-foot 22 51 100 


vi and 2[(per cent)g — (per cent),]. 


VARIATION INDEPENDENT OF DEPTH AND AGE 


The correlated variations of certain characters of the crude oils 
independent of the variation with depth and age are shown in Table 
XI. In the preceding part of the paper, a variation in the character of 
the crude oil with depth and age has been shown to be present and 
to consist of (a) increase of the content of the lighter distillation 
fractions with depth, and (b) increase, in general, in A.P.I. gravity of 
the distillation fractions with depth. But most crude oils necessarily 
have a greater or less content of the respective fractions than the 
mean value for their respective depths and ages. In this section of the 
paper the problem is studied as to whether an increase of the content 
of the light fractions is accompanied by an increase or a decrease in 
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the A.P.I. gravity of those fractions and related questions in regard 
to correlation between the variations of other characters. The cor- 
relation was calculated between each pair of the following quantities: 
(a) percentage content of the light fractions, (b) A.P.I. gravity of 
the light fractions, (c) percentage content of residuum, (d) A.P.I. 
gravity of the residuum, (e) percentage content of carbon residue, 
(f) percentage content of sulphur. Calculation of the degree of cor- 
relation between the various quantities is tedious; and therefore, 
instead of calculating the correlation coefficients for all the distil- 
lation fractions, those which distill over between 200 and 250 degrees 
Centigrade at atmospheric pressure were used to represent the light 
fractions and the residuum was used to represent the heavy fractions. 
A correction factor for variation with depth was applied to reduce 
the A.P.I. gravity, percentage content of the fraction, and percentage 
content of sulphur to that which it theoretically should have at the 
mean depth of the 3,000-5,000-foot or 5,000-7,000-foot zone from 
which the crude oil came. These two narrowly restricted fractions 
now are regarded by the writer as not satisfactorily representing the 
oil as a whole, but it seems worth while to present the results for 
what they are worth. 

The direct and universal correlations and lack of correlations 
which are indicated or suggested in Table XI are tabulated in Table 
XII. The weight of each correlation, good, fair, or possible, is indi- 
cated by the letter in parenthesis. A study based on a greater number 
of samples might show correlation between the variations of quanti- 
ties between which no correlation is shown in this study, and might 
show no correlation between the variations of some of the quantities 
between which possible correlation is suggested; and it should be 
noticed that any pair of the three following suggested correlations is 
inconsistent with the existence of the third correlation: (1) percentage 
content of light fractions inversely with percentage content of 
residuum; (2) percentage content of the residuum inversely with the 
A.P.I. gravity of the residuum; and (3) percentage content of the 
light fractions inversely with the A.P.I. gravity of the residuum. 
That study might show also that certain correlated variations are 
characteristic of the shallow oils but not of the deeper oils, or of the 
younger oils but not of the older, or of the younger shallower oils but 
not of the older. 

THEORETICAL CONNOTATIONS 
GENERAL THESIS 


The data of this study give trenchant evidence against three 
common theories in so far as they apply to the origin of Gulf Coast 
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oil deposits: (1) the theory of the migration of most oil upward 
from deep source beds into the oil sands in which it is now found; 
(2) the theory that the upward decrease of the A.P.I. gravity (in- 
crease of the specific gravity) of crude oil toward the surface is the 
effect of the evaporation of the light constituents; (3) the theory that 
the upward decrease of the A.P.I. gravity (increase of the specific 
gravity) of the crude oil toward the surface is the effect of chemical 
reaction with the oxygen and sulphates of the surface waters. 

No denial is made by the writer that in places oil has migrated 
upward from deeper source beds into shallower sands, that in very 
shallow oil deposits not well sealed off from the surface, evaporation 
of the low boiling fractions may take place and produce a heavier 
crude oil, or that intimate exposure of crude oil to oxidation may 
reduce it to a tarry asphaltic mass. But denial is made of the general 
common occurrence of those phenomena. The fact of the presence of 
any one of these effects is a question for determination in the case 
of each particular oil. The data of this study give strong evidence 
against the general applicability of those theories to the crude oils of 
the Gulf Coast. 

If the Gulf Coast crude oils in general were migrant oils from great 
depths: (a) the bulk of the oil presumably must have seeped upward 
along some sort of semi-open fracture or fault plane; and (b) minor 
quantities of oil may have seeped through formations across stratifi- 
cation or up within the edge of the salt; and, under case (a), oils of 
essentially identical character should be found at all depths and in 
sands of all ages; and, under case (b), theoretically, straining and 
fractionation of the oil should take place and the migrant oil should 
be lighter and less viscous than the parent oil; but it would seem in 
general that migration of large quantities of crude upward across 
stratification must in general take place along some sort of semi-open 
fissures rather than through the body of a formation or through salt 
at its edge. 

The impossibility of the Miocene and Oligocene crude oils being 
migrant Eocene crude oil is proved by the striking differences be- 
tween the two groups of crude oil (Tables I-VI). The A.P.I. gravity 
of each of the Hemphill distillations, except the residuum and the 
very low boiling fractions, is many degrees higher for the Eocene 
crude oils than for the Miocene and Oligocene crude oils of comparable 
depth; and is higher for the Eocene crude oils of the 3,000-5,000-foot 
zone than for the Miocene crude oils of the 5,000-7,000-foot zone. 
Drastic molecular differences exist, therefore, between the Eocene 
crude oils and the Miocene and Oligocene crude oils of comparable 
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depth and between the shallower Eocene crude oils and the deeper 
Miocene oils. The Eocene crude oils are more paraffinic and less 
naphthenic than Miocene and Oligocene crude oils of the same, 
shallower, or slightly greater depth. The ratios between the percent- 
age content of the Hemphill distillation fractions are different for 
the Eocene crude oils and for the Miocene and Oligocene crude oils; 
and simple “evaporation” of lower boiling fractions will not reduce 
the composition of the Eocene crude oils in terms of the percentage 
content of the Hemphill distillation fractions to that of the Miocene 
or Oligocene crude oils (Table XIII). The oils which we find in Mio- 
cene and Oligocene oil sands, in general, decisively are not migrant 
Eocene crude oils, which have undergone no change or only slight 
change in character during their migration. 


TABLE XIII 


RECALCULATION OF PERCENTAGE COMPOSITION OF DEEP Ort UNDER THEORY OF 
MIGRATION AND EVAPORATION 


3,000 5,000 3,000 5,000 3,000 5,000 
Depth Zone to to to to to to 
Feet 5,000 7,000 5,000 7,000 5,000 7,000 


Distillation I II II IV Vv VI 
Range 
Atmos pheric Miocene Oligocene Eocene 
Pressure 
75-100 
100-125 
125-150 
150-175 
175-200 
200-225 
225-250 
250-275 


CONN 
Assumed same 
asinI 
SO 
Assumed same 
as in II 
COURSES 
Assumed same 
as in v 


w 
? 
te 


40 Millimeters 
Pressure 

0-200 8 
200-225 9 
225-250 8 

250-275 7: 

8. 

6. 


275—300 


8 NNNO 
NODOM 


AnNHon 


Residuum 2 21.9 21.0 Io. 


Analyses 1, 111, and v are taken directly from Table I. In 11, tv, and vt, the respec- 
tive percentage contents of the heavier half of the cuts have the same ratios as in the 
corresponding oils of Table I, but have been recalculated so that the sum of the frac- 
tions 250-275 degrees Centigrade atmospheric pressure to residuum inclusive= 100 
per cent minus the percentage sum of the fractions 225-250 degrees Centigrade atmos- 
spheric pressure and more volatile. 


The impossibility of the Miocene crude oils being migrant Oli- 
gocene crude oil is suggested, but not clearly proved by the data. 
The differences between the character of the two groups of crude oils 
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7.0 6.6 6.2 
aN 8.3 7.8 6.8 
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are slight and do not decisively preclude the migrant derivation of 
the Miocene crude oils from the Oligocene crude oils. 

The shallower oils, in general, can not be migrant deep oils 
which have undergone no change or only slight change in the mi- 
gration, for the two groups differ both in their composition in terms 
of the percentage composition of the Hemphill distillation fractions, 
and in the A.P.I. gravity of the corresponding Hemphill distillation 
fractions and therefore in the molecular character of those fractions. 
The difference in the character of the base is most striking: the shal- 
lower oils predominantly are naphthenic; and the deeper oils are of 
intermediate base well toward paraffinic. 

The probable absence of much vertical migration at Spindletop, 
Jefferson County, has been shown by the writer in a study of an ex- 
tensive series of United States Bureau of Mines analyses of crude oil 
from that dome.’ Four distinctively different crude oils are repre- 
sented among the analyses: one type is found in the cap rock and the 
other three are found at successively deeper stratigraphic horizons on 
the flank. No one of the four types can be migrant crude of another 
type unless drastic molecular change has taken place in the oil. A 
fifth type is surmised to be present slightly above the shallowest of 
those three flank. crudes, but is not represented in that series of analy- 
ses. The cap-rock crude oil necessarily is migrant oil and is surmised 
to be migrant oil of that fifth type.® Minor vertical migration can be 
recognized, but, in the main, much vertical migration across stratifi- 
cation seems definitely not to have taken place. Evidence against the 
formation of prolific oil deposits by extensive vertical migration in 
one oil field, of course, is not evidence against the common formation 
of oil deposits by vertical migration elsewhere. But the occurrence 
of oil at Spindletop is of a type which commonly is explained by up- 
ward vertical migration of deep-seated oils across stratification or 
along the edge of the salt. The decisive evidence against much vertical 
migration of crude oil at Spindletop, therefore, is significant. 

The impossibility of the general derivation of the shallower from 
the deeper crude oils by fractionation during migration is shown by 
the much higher percentage content of high boiling fractions, and 
greater viscosity in the shallower crude oils. Crude oils are found on 
the Gulf Coast which would seem to have formed by fractionation 
during migration and the consequent straining out of the more viscous 


8 Donald C. Barton, “Variation and Migration of Crude Oils, Spindletop, Jefferson 
County, Texas,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 19, No. 5 (May, 1935), pp. 618- 
43, 3 figs. 

® The caprock oil at Spindletop is shown by a study now in progress to belong to a 


very distinctive type of crude that is found in the Upper Miocene at depths of 1,500- 
2,500 feet in southeast Texas and southwest Louisiana. 
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fractions. At Belle Isle, St. Mary Parish, Louisiana, the oil recovered 
from the top part of the salt core is light enough to be used in kerosene 
lanterns; only dubious reports of oil shows are logged from the deeper, 
flank wells; the oil in the salt, therefore, seemingly must have seeped 
up through the salt mass from considerable depth; and in that migra- 
tion, it underwent fractionation. But such light oils are rare among 
the shallow Gulf Coast oils and, therefore, on the whole, the shallow 
oils of the Gulf Coast seemingly can not be crude oils which have 
migrated across stratification for considerable distance. 


ARGUMENT AGAINST “‘EVAPORATION”’ THEORY 


The “evaporation theory” will not account for the observed varia- 
tion of the Gulf Coast crude oil with depth, for the shallow crude 
oils definitely are not deep, light crude oils which have become heavy 
because of evaporation of their lower boiling fractions. The shallower 
crude oils in the first place have a lower A.P.I. gravity (higher specific 
gravity) fraction by fraction than do the deeper oils of the same or 
greater geologic age, and, therefore, have a different molecular compo- 
sition. Simple evaporation wichout drastic molecular change will not 
transform the deeper oils into the shallower oils. The composition of 
the shallow crude oils in terms of the lubricating and heavier fractions 
(fractions which boil above 275° Centigrade at atmospheric pressure) 
gives partial evidence against the “evaporation theory.’”’ Recalcula- 
tion of the composition of the mean crude oils of the deeper zone is 
attempted in Table XIII on the assumption that evaporation of the 
lighter fractions takes place until the respective contents of the Hemp- 
hill fractions boiling over below 275 degrees Centigrade at atmospheric 
pressure is the same as in the mean crude oil of the same geologic age 
in the shallower zone; the oils of all three ages from the shallower zone 
clearly can not be migrant Eocene crude oil from the deep zone: and 
the Miocene crude oil from the shallower zone can not be migrant 
Oligocene crude oil from the deeper zone. From the percentage com- 
position alone, however, the deeper Miocene crude of Table XIII can 
not be distinguished from the shallower; and the deeper Oligocene can 
not be distinguished from the shallower. But in those cases, the differ- 
ence between the specific gravity of the corresponding Hemphill frac- 
tions is sufficient to show that the crude oils of the shallower zone can 
not be migrant oils of the same age from the deeper zone, unless 
drastic molecular change has taken place in the character of the oil. 


ARGUMENT AGAINST ‘‘OXIDATION”’ THEORY 


The theory of “oxidation” would seem to be questioned by the 
experiments by the United States Bureau of Mines on drastic oxida- 
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tion.’ Four crude oils, ranging from naphthenic to paraffinic, were 
subjected to drastic oxidation. The resulting reaction consisted in the 
formation of insoluble products which immediately dropped out of 
solution without essential change in the percentage composition of 
the crude oil, and with a decrease of a small fraction of a degree in 
the A.P.I. gravity (increase of the specific gravity) of each of the frac- 
tions. Laboratory experiments rarely duplicate natural conditions; 
and too much weight perhaps should not be given these experiments; 
and the slow oxidation through the enormously greater lengths of 
geologic time might or might not produce a different result. 


GENERAL ARGUMENT AGAINST “SURFACE INFLUENCE” 


The following argument is decisive. Unlike the arguments in re- 
gard to oxidation and evaporation, its validity would be unaffected 
by error or inadequacy in present-day theory in regard to reactions. 
The argument, briefly, is as follows. 

1. The effect of any factor working from the surface downward 
must be proportional inversely to depth below the surface and directly 
as the length of exposure. 

2. The oils in the older rocks in general must have been in them 
for a longer time than the oils in younger rocks. This postulate predi- 
cates, for example, that some oil was formed or migrated into the Eo- 
cene beds of the Gulf Coast before Miocene time; that no oil could 
form in, or migrate into, the Miocene beds until they had been laid 
down; and that, therefore, oil in the Eocene beds on the average must 
be older than oil in the Miocene beds. 

The possible exception to this postulate is for all the oil in all the 
formations to have formed in them, or come in, after the deposition 
of the youngest oil-bearing formations. 

This postulate definitely does not imply that every crude oil in a 
younger rock is ycunger than every crude oil in an older rock. 

3. The shallower Oligocene and Eocene oil sands have never been 
buried to depths very much greater than those at which they now lie. 
The structural relief of the non-salt-dome oil fields of the Gulf Coast 
is small; and the evidence does not suggest the cumulative erosion of 
more than hundreds of feet from above those oil fields. Slightly more 
uplift has taken place around the shallow salt domes than in the non- 
salt-dome oil fields, but much of that apparent uplift presumably is 
the effect of the subsidence of the beds far out from the salt core rather 


10S. S. Taylor and H. M. Smith, “Summary of Experimental Data on Laboratory 
Oxidation of Crude Oils, with Particular Reference to Air-Repressuring,” U.S. Bureau 
of Mines Report of Investigations, 3238 (May, 1934), 11 pp. 
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than of actual uplift of the salt core and of the beds adjacent to it." 

4. If this surface factor tends to produce heavier crude oils and 
if the original crude oils were all approximately of the same character, 
the order of heaviness of the crude oils would be: 


Heaviest 

(1) Shallower Eocene crude oils, on account of stronger influence X longest time 

(2) Shallower Oligocene crude oils, on account of stronger influence X 2nd longest 
time 

(3) Shallower Miocene crude oils, on account of stronger influence X shortest time 

(4) Deeper Eocene crude oils, on account of weaker influence X longest time 

(5) Deeper Oligocene crude oils, on account of weaker influence X 2nd longest 
time 

(6) Deeper Miocene crude oils, on account of weaker influence X shortest time 


Lightest 
The relative position of 3 and 4, and the closeness of each to 2 and 5 can not be 
determined without knowledge of the ratio of the influence of time to that of depth 


5. If a “depth” factor is assumed, that is a factor whose effect is 
proportional to depth and age, and whose influence is in the direction 
of producing a lighter crude oil, then the order of heaviness would be: 


Heaviest 
(1) Shallower Miocene, on account of lesser influence X shortest time 
(2) Shallower Oligocene, on account of lesser influence X 2nd longest time 
(3) Shallower Eocene, on account of lesser influence X longest time 
(4) Deeper Miocene, on account of greater influence X shortest time 
(5) Deeper Oligocene, on account of greater influence X 2nd longest time 
(6) Deeper Eocene, on account of greater influence X longest time 
Lightest 
The relative position of 3 and 4 and the closeness of each to 2 and 5 can not 
~ —— without knowledge of the ratio of the effects with time and with 
ep 


If the influence of the “depth” age factor were in the direction of 
producing a heavier oil, the order of heaviness, of course, would be 
reversed. 

The observed variation of heaviness in the Gulf Coast crude oils 
has been seen to conform to the following order of heaviness: 


Heaviest 
(1) Shallower Miocene 
(2) Deeper Miocene and shallow Oligocene 
(3) Shallower Eocene and deep Oligocene 


(4) Deeper Eocene 


Lightest 
This order is that which would be produced by a “depth influence” and is 
inconsistent with that which would be produced by a “surface factor.” This argu- 
ment, therefore, is a decisive one against the explanation of the observed increase 
of lightness with depth on the basis of oxidation or evaporation, or of any other 
influence which works from the surface downward 


1 Donald C. Barton, “Mechanics of the Formation of Salt Domes with Special 
Reference to Gulf Coast Salt Domes of Texas and Louisiana,”’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 17, No. 9 (September, 1933), pp. 1025 to 1083, 9 figs. 
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EVOLUTIONARY TRANSFORMATION INTUITIVELY EXPECTABLE 


Natural intuition leads to the expectation of evolution of the Gulf 
Coast crude oil from naphthenic to, or toward, paraffinic, as the effect 
of temperature, pressure, and time. High temperatures and high pres- 
sures prevailing for a short time in the refinery are known to produce 
drastic changes in the character of petroleum. Under ground, the pres- 
sures are comparable at great depth; the temperatures are lower; but 
the lengths of available geologic time are enormous; and the effects 
of extremely slow reactions may be considerable. Intuitively, there- 
fore, some sort of change in the character of crude might be reasonably 
expected to be inevitable, as the effect of temperature, pressure, and 
time. Reactions in petroleum refining take place much more rapidly 
at high, than at low temperature; and, therefore, the effects of reac- 
tions at great depth expectably should be greater than those at shal- 
low depth. The naphthene-base crude oils have the more complex 
molecules and in general are the less stable; whereas the paraffine-base 
crude oils have the simpler molecular structure and the more stable. 
Evolution from naphthenic to paraffinic, as an evolution from com- 
plex and less stable to simpler and more stable, therefore, might be 
expected, intuitively, as the direction, or a direction, of those reactions 
under the influence of time, temperature, and pressure. 

A systematic tendency toward a general law of variation of Gulf 
Coast crude oil has been found both by the preceding study and by 
the present study. The variation consists in: (a) increase in the per- 
centage content of the lower boiling (lighter) fractions and decrease 
in the percentage content of the higher boiling (heavier) fractions with 
increasing depth and age; (b) increase of the A.P.I. (Beaumé) gravity 
(decrease of the specific gravity) of all fractions of the crude oil with 
increasing depth and age; and (c) progressive shift in the character 
of the base of the crude oil from naphthenic in the shallower younger 
oils almost to paraffinic in the deeper, older oils. This variation has 
been seen to be inconsistent with any reaction proportional to age and 
nearness to the surface and to be consistent with a reaction propor- 
tional to depth and age. The observed systematic variation, therefore, 
would seem to be the variation which intuitively should be expected. 


CAUSE OF THE EVOLUTION 


Increase in the ratio of hydrogen to carbon presumably is involved 
in that observed variation. Carbon, therefore, must be lost; or hydro- 
gen must be added, or both. Increase in the hydrogen-carbon ratio 
is accomplished in the refinery either by adding hydrogen, (a) to all 
of a charge of crude oil by the addition of hydrogen from an outside 
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source (hydrogenation), or (b) to part of a charge by robbery of hydro- 
gen from the rest of the charge (cracking). Two end products, there- 
fore, are produced by cracking, the one lighter, and the other heavier 
than the original charge. But in the evolution of the Gulf Coast crude 
oil, the percentage content of the residuum decreases and the A.P.I. 
gravity increases (specific gravity decreases); no accumulation of 
heavy end products has taken place within the crude oil as the result 
of its evolution. Dead asphaltic material is reported only rarely, and 
in small quantity, in the Gulf Coast. If the reaction which produced 
the evolution of the crude oil were in the main cracking, and if the 
lighter products were fractionated off from the heavier ends, those 
complementary heavy crude oils should be approximately as common 
as the light oils, but definitely are not. That reaction, presumably, 
therefore, in the main can not be cracking. 

Loss of carbon might be accomplished by a reaction between the 
crude oil and water, resulting in the production of CO: and the addi- 
tion of hydrogen to the crude oil. Dissemination of considerable quan- 
tities of water through oil sands as the filling of the smaller openings 
and as film around the sand grains is being recognized as common. 
That minute dissemination of water through the crude oil should 
greatly favor any such reaction if it is chemically possible. Carbon 
dioxide, or monoxide, however, has not been reported in association 
with the Gulf Coast oil deposits. Secondary calcareous cementation 
of sand and gravel is rather common around the shallow domes, but 
is not common in the same degree in the blanket sand oil fields over 
the deep salt domes; and, therefore, any hypothesis involving the 
generation of CO or CO: seems geologically improbable, but not 
wholly impossible. 

The only other plausible source of hydrogen would seem to lie in 
natural gas, and therefore, largely in methane. According to a com- 
mon intuitive explanation, the natural gas so commonly associated 
with oil deposits is regarded as having been given off by the crude oil. 
Some natural gas probably may have formed in that way. But much 
or most of the methane seemingly might form independently of, al- 
though perhaps contemporaneously with, the crude oil. Methane is 
known to form easily from a wide range of organic material. We do 
not know as yet just what organic material serves as the mother 
material for petroleum, but we may surmise that methane is formed 
from certain types of organic material and petroleum from other 
types, or from a lesser range of types, of organic material than the 
methane. We do know that methane forms under conditions under 
which, as far as we can detect, petroleum does not form; as, for ex- 
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ample, in marsh deposits and in coal deposits. Methane might also 
form in the first dissolution process, in which the original organic 
material would go over into methane, proto-petroleum, and possibly 
other products. The laws of accumulation for methane are essentially 
the same as those for the accumulation of crude oil. 

Methane formed independently of crude oil, therefore, might ac- 
cumulate with it and provide an independent supply of hydrogen. 
The methanation theory involving an indirect hydrogenation through 
a reaction between methane and crude has been proposed by Pratt" 
to explain the evolution of the Gulf Coast crude oil, which was postu- 
lated by the writer in his earlier study. The direction of the reaction: 
generation of methane from crude oil—combination of methane with 
crude oil—presumably might depend on the mass law; and if present 
in less than some certain ratio, methane would be formed from the 
crude oil; and if present in excess of that ratio, the methane might 
tend to combine with the crude oil. The results of the present study 
lend additional support to the theory of methanation as the main, 
but not necessarily the only, reaction in the observed evolution of 
the Gulf Coast crude oil under the influence of pressure, temperature, 
and time. 

FULL LAW PROBABLY MORE COMPLICATED 


The full law of the evolution of crude oil under the influence of 
time and the depth linked factors, temperature and pressure, may be 
more complicated than the simple law which has been stated for the 
Gulf Coast crude oils. The law of decrease of the specific gravity with 
geologic age seems not to apply, for example, or to apply only par- 
tially, to the very Jow boiling fractions; and the law of decrease of 
specific gravity with depth applies to those very low boiling fractions 
only with exceptions. The general applicability of the law of decrease 
of the specific gravity of the Hemphill distillations to all the crude oils 
of the United States is indicated by, a new study which the writer has 
in progress. On the other hand, two exceptions seem to be indicated: 
(1) by the Ordovician crude oils of Texas and Oklahoma, and (2) 
by the Pennsylvanian crude oils of one district. Several alternative 
courses would a priori be possible for the later stages of this evolution 
of crude oil: (a) the evolution may continue indefinitely until the 
whole mass of the crude oil has been transformed into very low boiling, 
or gaseous, fractions, and has been dissipated; the absence of commer- 
cial oil deposits in association with carbon ratios of more than 65 
per cent may represent such a trend to this law of evolution; such a 


2 Wallace E. Pratt, “Hydrogenation and the Origin of Oil,” Problems of Petroleum 
Geology, American Association of Petroleum Geologists (1934), pp- 235-45- 
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trend to the law might prove inconsistent with the methanation 
theory of explanation of it, unless sufficient quantities of methane are 
available until the end; (b) the evolution may be asymptotic to some 
ultimate type of paraffinic crude oil, whose character might vary 
somewhat under different conditions; the evolution would take place 
most rapidly at the greater depths during its earlier stages, and at 
the shallower depths during the later stages; and ultimately very 
old, shallow oils might reach essentially the same stage of evolution 
and essentially the same character as the very old deep oils; the lack 
of variation of the Ordovician crude oils with depth may be an expres- 
sion of the latter trend of the law; (c) if dependent upon methanation, 
the evolution for each deposit might be asymptotic to the character 
of the particular crude oil when some critical ratio of paraffinicity to 
methane is reached; (d) the evolution might be dependent upon more 
than the methanation reaction, or than any other single type of reac- 
tion; and the final trend might be a confused one, only partially to- 
ward an asymptote. Limitation of the law of increase of lightness 
with depth to the naphthene-base crudes in contrast to the paraffine- 
base crudes has been suggested by Krejci. No such limitation seems 
to hold in general, according to the results of a study just begun by 
the writer, if the conventional sample division is made of the base ot 
the crude oil into naphthenic and paraffinic. But if the United States 
Bureau of Mines’ recent, much sharper division of the base of crude 
oils (paraffinic, paraffinic intermediate, intermediate paraffinic, etc.) 
is used, that study has not progressed far enough to determine whether 
or not that limitation applies to the paraffinic-paraffinic crude oils. 


OTHER LAWS OF VARIATION 


Other laws of variation than this evolution of lightness with in- 
creasing depth and age produce changes in the character of crude oil. 
A most important one of those laws of variation is the tendency 
toward the stratification of crude oil according to specific gravity 
within individual reservoirs. Ventura Avenue, California, has been 
cited as a clear contradiction of the writer’s law of decrease of specific 
gravity—increase of A.P.I. gravity with increasing depth. Kettleman 
Hills and practically every oil field in which the vertical dimension 
of the oil reservoir is large might also have been cited. But in these 
cases we are dealing with a law which has to do with variation in the 
character of petroleum within a reservoir and not between reservoirs, 
whereas the law of increase of lightness with depth applies between 
reservoirs. They are two different laws of variation and neither one 
precludes or contradicts the existence of the other. The effects of the 
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one in the one place may mask, and in another place be masked by the 
effects of the other. Every oil field in a district (if a single reservoir) 
might show decrease in the lightness of an oil with increasing depth. 
And yet the plotting of depth against the mean character of the crude 
oil of each oil field could at the same time show progressive increase 
of lightness with depth. The relations of the heavy Pennsylvanian oils 
and of the lighter Cretaceous oils of the Rocky Mountains might be 
cited as a brilliant contradiction of the law of evolution of lightness 
with increasing age. The citation of individual occurrences such as 
Ventura Avenue, Kettleman Hills, and the Pennsylvanian oils of 
the Rocky Mountains, can not disprove the law of evolution of light- 
ness with increasing depth and age, but does prove the existence of 
other laws of variation of the character of crude oil. The proof or dis- 
proof of the applicability of the law of evolution of lightness with 
increasing depth and age to a particular district can be obtained only 
by taking the data regarding crude oil from a statistically consider- 
able number of oil fields and from a considerable range of age and 
depth and by plotting the character of the crude oil against depth by 
the respective ages, and the character of the crude oil against age of 
respective depths. Much scattering will be produced by the other 
factors which affect the character of the crude oil. And if the range of 
depth or of age of the samples is too small, the scattering may obscure 
the respective effects of depth and age; and if data are available in 
regard to a few samples of crude oil, the scattering will give chance for 
a wide range of combinations which give apparent but meaningless 
correlation between depth or age and the variation of the petroleum. 
In discussion of the causes of the variation of crude oil, it is most im- 
portant to remember that the character of crude oil presumably must 
be a function of many variables. Great care must be taken that the 
effects of one variable are not confused with, or obscured by, the 
effects of another; and the statistics in regard to the variation of 
crude oil must be handled with care in order to evaluate the effects 
of a particular variable. 


RECAPITULATION 


The respective mean characters of Miocene, Oligocene, and Eocene 
Gulf Coast crude oils from depths of 3,000-5,000 feet have been com- 
pared with those of equivalent age from depths of 5,000-7,000 feet. 

A tendency toward a systematic variation of character with depth 
and age is present and consists: (a) in a progressive change in the base 
of the crude from naphthenic to intermediate, and almost to paraffinic 
in the deep Eocene crude oils, with increasing depth and age of the 
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crude oil, and (b) in an increase in the percentage content of the lower 
boiling fractions of the crude oil with increase of its depth and age. 

The observed variation in the character of the crude oil gives tren- 
chant evidence against theories of the origination of the shallow 
crudes through the migration of deep light crude and through oxida- 
tion, or other chemical reactions, through evaporation of the lower 
boiling fractions, or through any other factor working from the sur- 
face down. 

The order of variation in the character of the crude oil with depth 
and age is consistent with alteration of a heavy cruae oil into a much 
lighter crude under the influence of time and some factor or factors 
linked with depth below the surface and is inconsistent with the al- 
teration of a light crude into a heavy crude under the influence of 
time and some factor or factors working from the surface down. 

The theory is advocated, therefore, that the respective ancestral 
crude oils of all the crude oils of the Gulf Coast were heavy naphthenic 
oils, and that transformation of the character of crude oil has taken 
place in proportion to depth and to age, and that the transformation 
consists both in the decrease of the specific gravity of the individual 
fractions in the consequent change in the base from naphthenic to- 
ward paraffinic, and in the increase in the percentage content of the 
lower boiling fractions. 

The observed evolution of the Gulf Coast crude oil involves de- 
crease of the ratio of carbon to hydrogen. 

The data are against cracking as the main reaction in that evolu- 
tion. Pratt’s methanation is regarded as the most plausible reaction 
to explain the evolution. 

This particular law of evolution of crude is only one of many laws 
of variation of the character of crude oil. Citations of individual oc- 
currences contradictory to this law of variation of crude oils do not 
necessarily disprove this law but may be proving one of the other 
laws of variation. 

The statement of the law as induced from the variation of crude 
oil in the Gulf Coast may be an incomplete, merely approximate 
statement of a more complicated law. 
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GEOLOGICAL NOTES 


LA BLANCA STRUCTURE, HIDALGO COUNTY, TEXAS 


The La Blanca structure, located in central-eastern Hidalgo 
County, approximately 7 miles northeast of Edinburg, county seat, 
was proved productive when the Pantano Petroleum Company and 
Speed Oil-Company’s R. E. Harding No. 1, Lot 11, Block 94, Mis- 
souri-Texas Land and Irrigation Company Survey, blew out, caught 
fire, and cratered on October 5, 1936, while coring a fifth saturated 
sand at 7,820-7,840 feet in Frio topped at 5,180 feet. This well burned 
for 2 months. 

This structure was originally discovered and mapped in detail by 
the McCollum Exploration Company by reflection seismic work dur- 
ing 1935. The area was blocked and farmed out to the Quintana 
Petroleum Company, who in turn drilled Engelman No. 1, Lot 10, 
Block 94, Missouri-Texas Land and Irrigation Company Survey, to 
a depth of 8,883 feet during the spring of 1936. This well logged nu- 
merous sections of thick sand with petroleum taste and odor in the 
Frio, but was abandoned when the drill stem became stuck after an 
attempted blow-out, killing an official of the operating company as a 
result of the derrick being pulled in. The well topped markers as fol- 
lows according to the Humble Oil and Refining Company paleon- 
tologic determinations. 


Feet 
Fleming to 4,013 
Catahoula 4,023-4, 868 
Fossil zone 4, 868-5, 206 (Discorbis candeina 4,878) 
Frio 5, 206-8, 805 
Vicksburg 8, 805-8 , 883 
Total depth 8,883 


The most common fauna reported in the fossil zone are: 


Discorbis candeiana 

Elphidium poeyanum 

Elphidium chipolensis 

Rotalia beccarii 

Ostracods (undifferentiated) 

Oysters (undifferentiated) 
These fossils indicate shallow-water deposition. Lithologically the fos- 
sil zone is composed of greenish gray sand and sandy clay, reddish 
brown sandy clay, olive-green sand with calcareous nodules included, 
and sandy clay. 

Since the drilling of these two wells, three producers have been 

completed, all running practically level on sub-sea elevations. 
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1. Pantano Petroleum Company and McCollum Exploration Company’s J. C. Engel- 
man, Jr. No. 1, Lot 8, Block 259, Texas-Mexican Railway Survey, was drilled to 
6,805 feet and completed in sand 6,666-6,683 feet, making 80 barrels of 59° gravity 
crude with casing pressure of 2,350 pounds, and tubing pressure of 2,175 pounds. 

2. Pantano Petroleum Company and McCollum Exploration Company’s James 
McDougal No. 1, Lot 1, Block 223, La Blanca Subdivision of Rio Grande Land and 
Irrigation Company, was drilled to 8,070 feet and completed in Frio sand at 7,840- 
7,891 feet, with perforation 7,867-7,875 feet for 148 barrels daily on 3-inch choke. 
Tubing and casing pressure is 3,400 pounds. 

3. Sterling Oil and Refining Company completed J. C. Engelman, Jr. No. 1, Lot 5, 
Block 95, Missouri-Texas Land and Irrigation Company Survey in the McDougal 
sand for approximately 125 barrels daily on small choke. The well tested good satu- 
ration in the 7,500-foot sand section found in the McDougal well from 7,501 to 


7,559, but passed up in both wells. 


To date, the five wells drilled have encountered the deeper sands 
at approximately the same level, revealing a large domal uplift elon- 
gate to some extent on a northwest-southeast axis. The west and 
southwest sides, as interpreted from geophysics, reveal steep reverse 
dips, thus making the uplift asymmetrical. Faulting is believed to 
exist on the north, west, and south flanks. The structure is thought 
to have approximately 400 feet of closure in the middle Frio with less 
structure being found above, thus indicating possible pre-Catahoula 
uplift. 

Schlumberger surveys run on wells to date reveal good sands carry- 
ing oil and gas in four sections ranging in depth from 6,600 feet to 
8,040 feet, the total depth to which such electrical surveys have been 
made. Average porosity is 23 per cent with an average horizontal 
permeability of 550 millidarcys. The total sand thickness between 
7,500 feet and 8,070 feet averages 200 feet, and cores extracted from 
sand sections reveal good saturation of high-gravity oil. Wells com- 
pleted in the 7,850-7,900-foot sand have a shut-in pressure of 3,400 
pounds, casing and tubing pressure at the well-head, with bottom- 
hole pressure of approximately 4,000 pounds at 7,600 feet. 

Cheap fuel, abundance of irrigation water, and thick sandy shales, 
make for reasonable drilling costs. 

This structure will probably produce from the Vicksburg and 
Jackson, as both are thought to lie within present drilling depths. 

The La Blanca structure, third producing field to be discovered 
in Hidalgo County within the past 3 years, lies between the Sam- 
fordyce field, 30 miles updip, and the Shell Petroleum Corporation’s 
Yturria No. 1, La Sal Vieja prospect, Willacy County, 15 miles down- 
dip. The Yturria No. 1, which produced from the Frio, flowed about 
5 months, and is now being deepened. The La Blanca field is 9 miles 
up the strike and approximately goo feet updip from the Union 
Sulphur Company’s Mercedes field, Hidalgo County. Samfordyce, 
La Sal Vieja, Mercedes, and La Blanca all have yielded production 
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from the Frio. The Samfordyce and Mercedes structures have faults 
of considerable throw. More drilling will be required on La Blanca 
before fracturing in the Frio can be established, although faulting is 
suspected. 


CARLETON D. SPEED, JR. 
SECOND NATIONAL BANK BUILDING 
Houston, TEXAS 


May 4, 1937 


STAINING DRILL CUTTINGS FOR CALCITE-DOLOMITE 
DIFFERENTIATION 


While studying various samples of dolomite, dolomitic limestone, 
and dolomite marble, the writers naturally needed to identify the con- 
stituent minerals and to determine the grain relationships between 
them. One of the most satisfactory ways to do so is to grind plane- 
surfaced sections of the rock and stain them with a substance which 
stains selectively one of the other minerals. The value of this tech- 
nique was notably demonstrated by Steidtman,! who used the time- 
honored Lemberg solution and others in his work. 

The writers, however, apparently had more difficulty with the 
Lemberg solution staining than Steidtmann did, but found a staining 
method recently suggested by Fairbairn? to be more satisfactory in 
their hands. Others, no doubt, will welcome familiarity with the tech- 
nique. Since Fairbairn’s paper probably will not be generally read 
by many geologists whose work is along other lines, but who may be 
in need of the information on the stain used at Innsbruck, a discussion 
of it follows. 

Two solutions are used, the first being ferric chloride made up 
in water to about 2} per cent strength (Fairbairn does not give the 
concentration he used), and the second, ammonium sulphide (NH,4)2S 
which has been saturated with H2S. A pan of water or running source 
is also needed. 

The rock specimen, either freshly broken or with its surface freshly 
ground, is first wet with water, then immersed for 5—1o seconds in 
the FeCl; solution, and next thoroughly washed and rinsed in water 
to remove all free FeC/;. Holding it under the faucet for a few seconds 
serves very well. A second immersion in the (NH4)2S solution for 
about the same length of time, followed by a second water rinse to 
remove excess chemicals, completes the treatment. The calcite stains 

1 Edward Steidtmann, ‘Origin of Dolomite as Disclosed by Stains and Other 
Methods,” Bull. Geol. Sog. America, Vol. 28 (1917), pp. 431-50. 


2H. W. Fairbairn, “Introduction to Petrofabric Analysis,’ p. 31, mimeographed 
copy, Queen’s University, Kingston, Canada. 
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PLATE I 


1. Burlington limestone drill cuttings. Some chert. Missouri 
Jefferson City dolomite. Some calcite. Missouri 
Chouteau formation. Some chert. Missouri 

Potosi dolomite. Missouri 

Gasconade dolomite. Some calcite. Missouri 

Dolomite marble. Minute specks of calcite. New York 
Burlington limestone. Missouri 

Louisiana limestone. Dolomite band. Missouri 

Jefferson City dolomite. Mottled carbonate. Missouri 
Jefferson City dolomite. Missouri 
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black (see Plate 1, specimen No. 7), whereas the dolomite is unaffected 
and retains its original light color (No. 6). Very minute specks and 
intergrown angular grains of calcite are accurately, vividly, and dis- 
tinctly marked, as shown in specimens Nos. 6 and 5. Confirmation 
was made a number of times as to the fidelity of the staining by testing 
the carbonate with HC/ and the results were found to be wholly re- 
liable. 

No discussion of the reactions involved has been given, but proba- 
bly the effect is caused as follows. Ferric chloride hydrolyzes into 
ferric hydroxide and hydrochloric acid. The acid formed in hydrolysis 
equilibrium is weak and therefore attacks calcite but not dolomite. 
Neutralization at the calcite surface causes deposition of iron hy- 
droxide thereon, and this is stained to black iron sulphide by the am- 
monium sulphide. About the only precautions necessary are that the 
specimens be clean (free from grease or any obstructing material) 
and that account be taken of any ferric chloride which may penetrate 
and be held interstitial to the grains. 

Drill cuttings can be tested by the same technique. A small sample 
may be held in a wire basket while being immersed, or the cuttings 
may be covered with the solutions in a beaker and the washing done 
by decanting with-water. 

Partial dolomitization is shown by partial staining. Chert in cut- 
tings remains white and unstained, except, of course, where it con- 
tains calcite (Nos. 1, 2, 3). The technique has to recommend it the 
fact that staining occurs very quickly, vivid contrasts in color are 
developed, and all parts of a sample of cuttings are tested at once so 
that percentages may be estimated. 


W. D. KELLER 


GEoRGE E. Moore 
UNIVERSITY OF MIssouRI 
Missouri 
May 11, 1937 


RETREAT AND ADVANCE OF CONNATE WATER AS A 
THEORY OF OIL AND GAS ACCUMULATION 


The writer has been requested to submit for this Bulletin a brief 
outline of a paper which he recently published in an oil-trade journal." 
The essence of the theory is to the effect that orogenic movements 
of uplift and depression in and around sedimentary basins have caused 
connate waters to recede and subsequently advance through their re- 


1 “Theory of Oil and Gas Accumulation by Retreat and Advance of the Salt-Water 
Table,” The Oil Weekly (April 12, 1937). 
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spective horizons. In this process, salt-water “drives” have occurred 
of a similar nature to artificial flooding of oil sands to accumulate oil 
in front of advancing water sheets. 

Presumably, the recession of water in any carrier bed would repre- 
sent a negative effect, or nearly so, on accumulation of fluids and gases 
of a lighter nature existing at the time in that horizon; but an ad- 
vancing water front would give a pushing and gathering effect ahead 
of it. The geologic history of the various sedimentary basins and sides 
of uplifts indicates, by unconformities, that the strata have at times 
been raised sufficiently to drain connate waters downdip to adjust 
themselves to contours of lower level. The unequal hydrostatic pres- 
sure at a point of maximum uplift would, under these circumstances, 
adjust itself by drainage to points of lesser pressure on the artesian 
principle of movement. Salt water might recede to a lower level in 
some far removed position, or even drain to outcrop on the opposite 
side of a basin, thus lowering the water table. Even without such 
downdip drainage, the uplift might raise the carrier bed above the 


level of adjusted water pressure and thus leave some area without 


connate water under hydrostatic pressure, just as an island is raised 
above sea level. Time is unlimited in such processes. Manifestly not 
all the water in a carrier bed would be drained downward to the top 
of the water table but the free-moving water would fall back and only 
wet sands would remain. It is believed that any disseminated oil par- 
ticles and gas bubbles would remain in the wet sands without notable 
pressure. At some later period when submergence ensues, the con- 
nate water advances through the carrier bed and thus produces a 
water drive to accumulate oil and gas under any structural traps 
which exist ahead of the moving water front. The lighter fluids and 
gases would be in the form of belts or strips as they were gathered 
ahead of the advancing water front. The width and amount of such 
oil and gas accumulations would vary with the origin factors and they 
might be concentrated in varying forms and positions. Some struc- 
tural trap might be in a wrong position to receive accumulation even 
though it might contain abundance of sand and receive abundance of 
water in the process. The oil drive, while advancing, may have missed 
certain traps even though water later closed in on them behind the 
water front. Various combinations might ensue to explain the barren- 
ness of oil and gas under certain structures in certain sands even 
though all the proper factors and circumstances may be present to 
fit the old theory of oil and gas accumulating updip through differ- 
ential gravity. It is clear, on the water-drive theory of accumulation, 
that any structure that post-dates the drive would be relatively too 
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young to receive accumulation. Even an older structure that pre-dates 
the drive might be passed up in the irregularities of the process in so 
far as some well established zone of circulation is concerned but have 
caught accumulation in some deeper or shallower carrier bed. 

Twenty years ago, M. J. Munn maintained that the old idea of oil 
and gas accumulating updip by differential gravity did not fit the 
physical facts adverse thereto and he drew the conclusion that water 
advancing downdip from the outcrop had gathered oil and gas ahead 
of it, as he stated in conversation. It would seem that such an idea 
presupposes not only the lack of connate water in the carrier beds but 
the presence of much fresh or brackish water associated with oil and 
gas fields; it may apply in exceptional cases. However, the writer be- 
lieves the idea was correct in assuming that oil and gas do not accumu- 
late updip through carrier beds due to their lighter gravity. The fact 
that a hole full of water in a well prevents either oil or gas from rising 
to the surface seems sufficient cause for discarding that theory. Buoy- 
ancy does not overcome the friction under equalized hydrostatic pres- 
sure. 

It is possible that just as the sea has withdrawn from some epicon- 
tinental area or basin and subsequently advanced over the same area, 
due to water seeking its level, just so has the connate water in a car- 
rier bed withdrawn to its subsurface sea and subsequently advanced 
in or into the basin. This may have been much more of a far-traveling 
process than one would at first surmise. Judged from letters and per- 
sonal conversation with several petroleum geologists since publica- 
tion of the writer’s former article, the water-drive theory seems to 
meet with a considerable measure of favor. 

Whether oil and gas are indigenous or secondary in a carrier bed, 
the same problems ensue as to their accumulation. We know that 
they exist in quantity in some structural traps and are practically 
absent in others of like nature, as exceptions. Some geologists think 
that both origin and accumulation are local. But it seems that the 
natural water-drive theory based on orogenic movements deserves the 
especial attention of research students with proper laboratory equip- 
ment to test it in line with the geological record and structural his- 
tory of respective oil and gas provinces. 

With the premise in mind that connate waters have retreated and 
advanced with orogenic movements, the writer is inclined to accept 
many of the principles of accumulation advocated during the past 
16 years by John L. Rich.? Had this thought occurred to him when he 


2 See “Rich, John,”’ Comprehensive Index of the Publications of American A ssocia- 
tion of Petroleum Geologists (1937). 
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was writing various papers on his hydraulic theory, many of his data 
could have been fitted into it with consistency and a better argument 
made for long-distance migration. The writer is wedded to no particu- 
lar theory and has himself argued pro and con on the subject of local 
and distant accumulation. It is probable that by such processes of 
reasoning in connection with mechanical, physical, and chemical ex- 
periment, some satisfactory conclusion will ultimately be reached. 
Moreover, some practical implications are likely to arise from it in 
the search for oil and gas fields. 


James H. GARDNER 
TuLsa, OKLAHOMA 
May 22, 1937 


CRETACEOUS DEFORMATION IN KANSAS 


Surface faults are rare in Kansas. This statement applies especially 
to the Paleozoic rocks. In the Cretaceous rocks of western Kansas 


Fic. 1.—View along east side of road. North end. 


faults of small displacement have been reported by Twenhofel,' Elias,? 
and also by Bass,’ Russell, and others. The rocks involved in the 


1 W. H. Twenhofel, “Significance of Some of the Surface Structures of Central and 
Western Kansas,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 9, No. 7 (October, 1925), pp. 
1061-70. 

2M. K. Elias, “Origin of Cave-Ins in Wallace County, Kansas,” ibid., Vol. 14, 
No. 3 (March, 1930), pp. 316-20. 

3 N. W. Bass, Geol. Survey Kansas Bull. 11 (1926), p. 44. 

‘ William L. Russell, “Stratigraphy and Structure of the Smoky Hill Chalk in 
Western Kansas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 6 (June, 1929), pp. 595- 
604. 
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displacements are chiefly the Niobrara chalk and the Greenhorn 
limestone. So far as the writer is aware no faults have been reported 
from the Comanche strata of Kansas. For that reason the data on a 
very remarkable display of deformed beds in Sec. 21, T. 16 S., R. 7 W., 
southeast of Kanopolis, Ellsworth County, are of interest. 


Fic. 2.—View along east side of road. South end. 


The section-line road was cut along the southwest side of Section 
21 about the middle of the year 1935. Near the southwest corner of 
the section the topography slopes off rapidly toward Thompson 
Creek, resulting in high road-side cuts. In these cuts the flat Dakota 
sandstone, averaging several feet thick, overlies, by means of an angu- 
lar unconformity, a considerable thickness of deformed Comanche 


Fic. 3.—Drawing of deformed beds along east side of road. 


clays and sandstones (Figs. 1-7). The Comanche rocks stand in verti- 
cal position on the east side of the road at one end of the exposure 
(Figs. 1 and 3). Farther south they are bent into a broad anticline 
and faulted syncline (Figs. 2 and 3). 

On the west side of the road the same strata may be seen dipping 
steeply toward the north. Several faults with small displacement ap- 
pear in the photographs (Figs. 4 and 5) and the illustrative drawing 
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(Fig. 6). The most significant structural feature appears near the south 
end of this exposure. There a pseudo-thrust fault may be seen (Fig. 7). 
Against it on the south the broken stratum may be seen with steep 
dip simulating the drag on the downthrown side. 


Fic. 5.—View along west side of road. North end. 


The explanation for this structural anomaly in Kansas is not im- 
mediately apparent. Certainly no geologist would attribute it to a 
deep-seated cause, even though it does simulate Rocky Mountain de- 
formation. The most reasonable cause lies in the assumption of a cave 


q 
Fic. 4.—View along west side of road. South end. 
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in soluble rocks beneath the deformed area. Possible cavern collapse 
may have been occasioned by the dissolving away of salt layers which 
occur in the Wellington formation of the Permian.® In this part of 
the state the salt measures have a thickness of approximately 300 
feet. They lie at a depth of about 650 feet below the surface. Inasmuch 


Fic. 6.—Drawing of beds along west side of road. 


as they probably have caused the collapse of the upper Wellington 
strata farther east in Harvey County, it is not unreasonable to sup- 
pose that salt solution by circulating ground waters was also effective 
here. 

An interesting side light on the whole situation is the fact that 
collapse of the underground cavern must have taken place after the 


Fic. 7.—Close-up view of “thrust fault.” 


Comanche strata were laid down and before the Dakota was laid 
down over them, thus producing one of the finest pseudo-angular un- 
conformities known. 


5 W. A. Ver Wiebe, “The Wellington Formation of Central Kansas,” Bull. Munici- 
pal University of Wichita, Vol. 12, No. 5, Univ. Studies Bull. 2 (May, 1937). 
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Acknowledgments.—This locality was first called to the writer’s at- 
tention by Harry Boyd-Snee. The photographs were taken by Mr. 
Penny of the Laughlin-Simmons Well Elevation Service. The draw- 
ings were made by Dean McDaniel, geologist for the Shell Petroleum 
Company. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library and available to 
members and associates. 


*The Geology of South-Western Ecuador. By GEORGE SHEPPARD. Thomas 
Murby and Company, London (1937). 275 pp., 195 illus., maps, and dia- 
grams. Outside dimensions, 5.75 X8.75 inches. Specimen pages sent on re- 
quest. Order from Association headquarters, Box 1852, Tulsa, Oklahoma. 
Price, clothbound, postage and import duty paid, $7.00. 


At last it has been told, written in the King’s English with distances in 
miles and elevations in feet. Dr. Sheppard has worked for 10 years in almost 
virgin territory and has packed the results of his labors into one small volume 
with hundreds of photographs, original sketches, and a geological map. Some 
of these data have appeared before in scientific journals. This is a source book 
which ranks with Bosworth’s Northwest Peru and Liddle’s Geology of Vene- 
zuela. Sheppard, like Bosworth and Liddle, at one time made geological ex- 
plorations for petroleum. 

The coastal shelf of Ecuador, 700 miles south of Panama, early attracted 
attention because of its brea pits and seepages. The coast of Peru adjacent 
to it on the south had similar occurrences, and it was natural to explore 
northward from the developing oil fields of that region. 

Early explorers found a mud volcano east of Santa Elena which seeped 
oil. The immortal Cunningham Craig noted its similarity to those he had seen 
in Burma, Borneo, and Trinidad. He recommended a large concession and 
located a test hole near the volcano. 

Joseph H. Sinclair studied this region in 1921 and was among the first to 
call attention to the highly contorted cherty shales of Eocene age into which 
the brea pits were dug. Many of his observations and photographs are in- 
cluded in the book. 

The part of southwestern Ecuador described lies between the western 
base of the Andes and the Pacific. The rocks exposed range in age from Lower 
Tertiary to Recent. Great areas near the coast are covered by old raised sea- 
beach deposits called tablazos. Altogether a section of possibly 4,000 feet is 
exposed. The Eocene rocks of the Santa Elena Peninsula are given a great 
deal of attention because the author was at one time a resident of Ancon. 

Since cherts and igneous rocks occur closely associated in the Santa Elena 
Peninsula, the chapter devoted to these rocks seems to be the very heart of the 
book and it is here that Sheppard has recorded his best work. The chapter 
on the Tertiary larger Foraminifera of southwest Ecuador was prepared by 
Dr. Wayland Vaughan. It includes beautiful illustrations of the larger Fora- 
minifera, particularly Discocyclina, Operculina, and Lepidocyclina. Dr. 
Vaughan, in summing up his observations, says: 

Upper Eocene at Ancon is younger than the Lobitos beds of Peru, as reported by Henry 
Woods. The highest Eocene found appears to be equivalent to the Ocala limestone of 


Florida, showing that in late Eocene time Pacific and Atlantic sides had the same 
fauna, and suggests a connection of oceans. 


The Guayaquil limestone was long called Cretaceous because Wolf and 
others claimed to have found Inoceramus. Vaughan, on the basis of Fora- 
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minifera found in samples collected by Sheppard, says this limestone is Upper 
Eocene. Sinclair collected rocks described as sandstone and siliceous lime- 
stone from the vicinity of Guayaquil which Coryell, on the basis of Fora- 
minifera, none of which was similar to those found by Vaughan, called 
Cretaceous. It appears that the Guayaquil limestone is still open to dis- 
cussion. It is the reviewer’s guess that they have collected their specimens 
from different exposures and that further work will develop the fact that there 
are Cretaceous and Upper Eocene rocks in the vicinity of Guayaquil. 

In addition to the oil developed at Ancon and farther west, the salt pans 
near Salinas, where the Ecuadorian Government has a monopoly on salt pro- 
duction, are of economic interest. 

Another important Ecuadorian industry of this region which depends on 
geological factors influencing climate is the straw-hat industry of Monte 
Criste. Here the finest of the so-called Panama hats of commerce are produced. 

Dr. Sheppard has given more than customary attention to geological proc- 
esses which are active in tropical countries. This is best summed up by his 
statement in the chapter on sedimentation where he says, “‘tropical conditions 
with long periods of heat and short seasons of heavy rain favor rapid decom- 
position of rocks.” : 

The whole book, with its well arranged photographs, sketches, and bib- 
liography, gives the impression of a textbook. The reviewer’s impression 
on completing the book is that the chapter on petroleum should have been 
expanded to include a map and description of the development at Ancon, 
together with the deep tests drilled on concessions in other parts of the area. 
Geological information from these deep holes would give a valuable third 
dimension which has not been adequately developed in the book. 

The sketch shown as Figure 126 on page 190 and the cross section Figure 
124 are the author’s nearest approach to a regional setting for the area under 
discussion. 

The Geology of South-Western Ecuador is a distinct contribution to South 
American geology and the author deserves great credit for his untiring efforts 
to assemble in one volume the detailed studies which he and other geologists 
have made in this region. 

THERON WASSON 
Curcaco, ILLINoIs 
June 3, 1937 


RECENT PUBLICATIONS 
AFRICA 


Lexicon de Stratigraphie. Vol. I: Africa. Compiled by a commission ap- 
pointed by the rs5th International Geological Congress. Thomas Murby and 
Company, London (1937). Price, 31s. 6 d. 

Bibliographie géologique de l’ Africa Centrale. Compiled under the direction 
of the African Geological Surveys’ Association (a sub-committee of the 15th 
International Geological Congress, at Pretoria, 1929). Includes Equatorial 
French Africa, Belgian Congo, Angola, Kenya, Uganda, Tanganyika, North- 
ern and Southern Rhodesia, and Nyasaland. 300 pp., 4,000 titles. May be 
ordered from Bur. d’Etudes Geol. et Min. Coloniales, 13, Rue de Bourgogne, 
Paris, or from Secrétariat de la Soc. Geol. Belgique, 7, Place du XX-Aoit, 
Liége (1937). Price: 60 francs francais, or 80 francs belges. 
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ALASKA 


“Geology of the Anthracite Ridge Coal District, Alaska,’’ by G. A. War- 
ing. U. S. Geol. Survey Bull. 861 (1937). 57 pp., 14 pls., 3 figs. Price, $0.70. 


ALGERIA-MOROCCO 


*Etudes géologiques sur les confins Algéro-Marocains du Sud” (Geologi- 
cal Studies in Southern Algeria and Morocco), by N. Menchikoff. Bull. Soc. 
Geol. France (28, rue Serpente, VI, Paris), Ser. 5, Vol. VI, Nos. 4-5 (1936), 
pp. 131-48; stratigraphic section. 


ARGENTINA 


*“Una interesante Filicinea fésil de la Patagonia’’ (An Interesting Fossil 
Fern of Patagonia), by Egidio Feruglio. Bol. Inform. Petrol (Buenos Aires) 
Vol. 14, No. 151 (March, 1937), pp. 5-20; 5 figs. 

*Contribucién al conocimiento de la Estratigrafia del Lidsico en el sur 
de la Provincia de Mendoza’ (Contribution to Liassic Stratigraphy of 
Mendoza), by K. Egon Boehm. [bid., pp. 21-31; 2 maps. 


AUSTRALIA 


*“The Larger Foraminifera of the Lower Miocene of Victoria,” by Irene 
Crespin. Palaeontological Bull. 2 (1936). 15 pp., 2 pls. (27 figs.), map of Vic- 
toria showing foraminiferal localities. 8.5 <10.75 inches. Dept. of Interior, 
Canberra, F. C. T., Australia. 


CANADA 


*“Age of the Exshaw Shale in the Canadian Rockies,” by P. S. Warren. 
Amer. Jour. Sci. (New Haven, Connecticut), Vol. 33, No. 198 (June, 1937), 
PP. 454-57. 


CHINA 


Geology of China, by J. S. Lee. Physical geography, stratigraphy, tec- 
tonics, with discussion of wider problems of continental movement. Numerous 
maps, diagrams, and half-tones of fossils and land forms. Thomas Murby and 
Company, London (in press). 


GENERAL 


*Man ina Chemical W orld (The Service of Chemical Industry), by A. Cressy 
Morrison. 292 pp., illus. Cloth. Charles Scribner’s Sons, New York (1937). 
Price, $3.00. 

*Oil and Petroleum Year Book, 1937, compiled by Walter E. Skinner. 
“The international standard reference book on the oil industry of the world.” 
490 pp. Demy 8vo., bound in red cloth. Particulars about 735 companies 
(producers, refiners, transporters, dealers, oil finance companies). Published 
by Walter E. Skinner, 15, Dowgate Hill, Cannon Street, London, E.C.4. 
Price, 11s., net, post free abroad. 

*“Sedimentation in Relation to Faulting,” by Chester R. Longwell. Bull. 
Geol. Soc. America (New York), Vol. 48, No. 4 (April 1, 1937), Ppp. 433-423 
1 fig., 4 pls. 

*“First Century of Progress in Cenozoic Marine Invertebrate Paleon- 
tology,” by Gilbert D. Harris. Jbid., pp. 443-62. 
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GEOPHYSICS 


“Selection and Installation and Operation of Seismographs,”’ H. E. 
McComb. U. S. Coast and Geodetic Survey Spec. Pub. 206 (Washington, 
D. C., 1936). 42 pp. 37 figs., bibliog., 4 tables. Price , $0.10. 


GERMANY AND POLAND 


*Vergleichende Studien iiber den deutschen und polnischen Erdélberg- 
bau” (Comparative Studies of German and Polish Oil Fields and Operations), 
by T. von Bielski. Petrol. Zeit. (Vienna), Vol. 33, No. 18 (May 5, 1937), pp. 
1-16; 23 figs. 


ILLINOIS 


“Geology and Oil and Gas Possibilities of Parts of Marion and Clay 
Counties, with a Discussion of the Central Portion of the Illinois Basin,” 
by J. M. Weller and A. H. Bell. Illinois Geol. Survey Bull. 40 (reprint, 1937). 
Urbana, Illinois. Price, $0.25. 

. 10WA 


*“Geological Complex of Iowa Is Problem for Geophysicists,” by W. G. 
Osborn. Oil and Gas Jour. (Tulsa, May 13, 1937), pp. 51-53; 2 maps. 


KANSAS 


*“The Wellington Formation of Central Kansas,’’ by Walter A. Ver 
Wiebe. Bull. Univ. Wichita (Wichita, Kansas), Vol. 12, No. 5 (May, 1937). 
University Studies Bull. 2. 18 pp., 1 map. 


KENTUCKY 


“The Flora of the New Albany Shale. Part 2, The Calamopityeae and 
Their Relationships,” by C. B. Read. U. S. Geol. Survey Prof. Paper 186-E 
(1937), pp. 81-104, Pls. 16-26, Fig. 1. Price, $0.15. 


LOUISIANA 


*“Lower Mississippi River Delta. Reports on the Geology of Plaquemines 
and St. Bernard Parishes.’’ Louisiana Geol. Survey Bull. 8 (dated at New 
Orleans, November 1, 1936; issued, 1937). 454 pp. Illus. 6 X9 inches. Con- 
tains: “‘Physiography of Lower Mississippi River Delta,’ by Richard Joel 
Russell, pp. 3-199; “‘Salt Domes of Plaquemines and St. Bernard Parishes,” 
by Henry V. Howe and James H. McGuirt, pp. 200-78; ‘‘Petrography of Two 
Mississippi River Sub-Deltas,’”’ by C. F. Dohm, pp. 339-96; “Igneous, Meta- 
morphic and Sedimentary Pebbles from the Chandeleur Islands,” by C. F. 
Dohm, pp. 397-402; “‘“Some Notes on the Recent Mollusca from Plaquemines 
and St. Bernard Parishes,’ by Wade Hadley, Jr., pp. 403-06; et cetera. 


MEXICO 


*“Stratigraphy of Tampico Embayment of Mexico: A Review,” by 
Charles Keyes. Pan Amer. Geol. (Geological Publishing Company, Des 
Moines, Iowa). Vol. 67, No. 5 (June, 1937), pp. 341-56; 2 maps. 

*“Geology of the Middle Part of the Sierra de Parros, Coahuila, Mexico,” 
by Ralph W. Imlay. Bull. Geol. Soc. America (New York), Vol. 48, No. 5 
(May 1, 1937), Pp. 589-630; 14 pls., 4 figs. 
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MICHIGAN 


*Possibility of Future Oil Production in Michigan,” by Virgil R. D. 
Kirkham. Oil and Gas Jour. (Tulsa, May 13, 1937), pp. 45-496. 


MISSOURI AND TEXAS 


“The Correlation of the Upper Cambrian Sections of Missouri and Texas 
with the Section in the Upper Mississippi Valley,” by Josiah Bridge. U. S. 
Geol. Survey Prof. Paper 186-L (1937), pp. 233-37- Price, $0.05. 


OKLAHOMA 


*Gorman’s Petroleum Directory of Oklahoma, 1937. 160 pp. “‘The purpose 
of the directory is to list all the companies and individuals in Oklahoma who 
are connected with the production of petroleum.” Contents: general list of 
individuals and companies; royalty companies; drilling contractors; associa- 
tions; pipe-line companies; abstracters (Oklahoma); filing fees; abstracters 
(Kansas). Published and for sale by B. R. Gorman, Box 395, Tulsa, Okla- 
homa. Price, prepaid, $1.00. 

*““Methods for Catching Rotary Drill Samples in Oklahoma,” by Paul 
Reed. Oil and Gas Jour. (Tulsa, June 10, 1937), pp. 42-48; 11 figs. 

*Microscopic Examination of Rotary Drill Cutting Samples,” by L. H. 
Lukert. Jbid. (June 17, 1937), pp. 48-51; 7 figs. 


PERSIA 


*“Contribution a l’étude géologique de |’Anti-Elbouzr’’ (Geologic Study 
of the Anti-Elbourz), by A. Riviére. Bull. Soc. Geol. France (Paris), Ser. 5, 
Vol. VI, Nos. 4-5 (1936), pp. 277-98; 2 line drawings, 1 plate of fossils. 


POLAND 


*“Problems of Application of Seismic Reflection Methods in the Polish 
Eastern Carpathian Mountains in the Light of Present Investigations,”’ by 
Z. Mitera. 21 pp., 10 figs. In Polish. English summary, 2 pp. “Application of 
geophysical methods of prospecting in the region of the Carpathian Moun- 
tains is rather difficult, due to the complexity of the geological structures 
encountered. . . . From several hundred records, obtained during the seismic 
work conducted by the Pionier Company in 1934 and 1935 in Poland, it was 
possible to tabulate the velocities of elastic waves for most typical Carpathian 
formations. . . . Therefore in conclusion it may be stated, that not the Car- 
pathian Mountains but the Foreland offers most possibilities for successful 
application of reflection seismology.’’ Reprinted from Polish Geol. Soc. rath 
Ann. (Bohdanowicz soth anniversary volume). Krakéw (1936). 

*“Geology of the Wegléwka Area and Possibilities of New Oil Reserves,”’ 
by Julian Obtulowicz. Ibid., pp. 631-43; 6 figs. English summary, 2 pp. 
Points out possibilities of finding oil deposits in beds of Lower Cretaceous 
not only in the described region but in other tectonic elements of the West 
Carpathians. 

*“Structural Conditions in the Boryslaw Sandstone at Boryslaw and in 
Western Tustanowice,” by Jézef Jakub Zielinski. bid., pp. 644-57; 5 figs. 
English summary, 3 pp. 
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RUSSIA 


*“The Mud Volcanoes of Kertch-Taman Region,’”’ by V. V. Beloussoff 
and L. A. Jarotsky. Trans. Bur. Nat. Gas (Moscow), Fasc. 8 (1936). 154 pp., 
25 line drawings in text, 18 photographs, 2 maps. Bibliography of 60 titles. 
In Russian. Summary in English, pp. 136-37. ‘Contains detailed description 
of 34 groups of mud volcanoes. . . . The maximum discharge of one volcano 
is 100 cubic meters daily. . .. The authors suppose that the gases may be in 
greater part the products of bacterial fermentation. They doubt their con- 
nection with gases from Mesozoic deposits on the northern slope of the Cau- 
casus. . . . The waters of the volcanoes are strongly mineralized; are alkaline- 
saline; characterized by iodine and bromine; and are probably buried waters 
of sea muds. . . . Nearly all the volcanoes are confined to diapyric anticlinal 
cores.” 

*“Notes on the Correlation of Russian and Midcontinent Carboniferous 
and Permian Ammonite Zones,” by F. B. Plummer. Amer. Jour. Sci. (New 
Haven), Vol. 33, No. 198 (June, 1937), pp. 462-69. 

*“On the Carboniferous and Permian of the Southern Urals,” by Carl O. 
Dunbar and A. K. Miller. [bid., pp. 470-72. 


TEXAS AND NEW MEXICO 


‘“‘Petroleum Engineering Study of the Big Spring Field and Other Fields 
in West Texas and Southeastern New Mexico,”’ by Charles B. Carpenter and 
H. B. Hill. U. S. Bur. Mines Rept. Investig. 3316 (November 1936). 223 pp., 
40 illus. First edition exhausted; second edition now available from Chamber 
of Commerce, Midland, Texas, at $1.00 per copy. 


UTAH-COLORADO 


*“Structure of the Uinta Mountains,”’ by J. Donald Forrester. Bull. Geol. 
Soc. America (New York), Vol. 48, No. 5 (May 1, 1937), pp. 631-66; 4 pls., 
1 fig. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Paleontology (Fort Worth, Texas), Vol. 11, No. 4 (June, 1937). 

“Cretaceous Rudistids of Pinar del Rio Province, Cuba,” by L. W. J. 
Vermunt. 

“Pennsylvania Ostracoda from Sullivan County, Indiana,’ by Kenneth 
Armstrong Payne. 

“The Tranquilla Shale (Upper Eocene) of Panama and Its Foraminiferal 
Fauna,” by H. N. Coryell and John R. Embich. 

“Stratigraphic Significance of Some Late Paleozoic Fenestrate Bryozoans,” 
by Maxim K. Elias. 

“A New Scorpion from the Pennsylvania Walchia Beds near Garnett, 
Kansas,” by Maxim K. Elias. 

“Evolutionary Tendencies in American Carboniferous Trilobites,” by 
J. Marvin Weller. 

“‘Foraminiferal Zonation of Certain Upper Cretaceous Clays of Texas,’’ by 
Claude C. Albritton, Jr., and Fred B. Phleger, Jr. 

“Large Oysters from the Gulf Coast Tertiary,” by Henry V. Howe. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following 
candidates for membership in the Association. This does not constitute an election, 
but places the names before the membership at large. If any member has information 
bearing on the qualifications of these nominees, he should send it promptly to the 
Executive Committee, Box 1852, Tulsa, Oklahoma. (Names of sponsors are placed 
beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Robert Bruce Curry, Oklahoma City, Okla. 

Don L. Hyatt, O. A. Seager, Linn M. Farish 
Leopold Constant Frederic Damesin, Haifa, Palestine 

F. E. Wellings, L. T. Barrow, Winthrop P. Haynes 
Glenn M. Earl, Los Angeles, Calif. 

Robert B. Moran, Glen M. Ruby, A. A. Curtice 
Clyde Provolt Graeber, Tulsa, Okla. 

William H. Elson, Withers Clay, A. I. Levorsen 
Charles Francis Hewett, Tulsa, Okla. 

Charles G. Carlson, L. Murray Neumann, J. A. Egan 
Willard Ordway Hilton, Topeka, Kan. 

Raymond C. Moore, Ogden S. Jones, R. E. Bending 
Verner Jones, Decatur, IIl. 

H. Ries, J. French Robinson, Eugene Stebinger 
Cecil Gordon Lalicker, Corpus Christi, Tex. 

Charles E. Decker, V. E. Monnett, G. E. Anderson 
Gaurd Scott Marvin, Oklahoma City, Okla. 

Glenn Grimes, A. H. Richards, J. T. Richards 
Wendell P. Rand, Pittsburgh, Pa. 

W. H. Twenhofel, K. C. Heald, R. E. Somers 
Richard Joel Russell, Baton Rouge, La. 

Henry V. Howe, R. Dana Russell, Reginald G. Ryan 
Lester S. Thompson, New York, N. Y. 

John M. Lovejoy, A. C. Veatch, William B. Heroy 


FOR ASSOCIATE MEMBERSHIP 


Augustus Bart Brown, Shawnee, Okla. 

Robert Brown, Alan Bateman, Charles Schuchert 
C. Harrison Cooper, Wichita, Kan. 

Charles W. Roop, T. C. Hiestand, W. M. Stirtz 
Robert Royal Copeland, Jr., Houston, Tex. 

H. W. Straley, III, R. Dana Russell, H. V. Howe 
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Thomas Wilson Dibblee, Jr., Santa Barbara, Calif. 

H. W. Hoots, E. R. Atwill, Elmer R. Baddley 
Carl F. Grubb, Wilson, Okla. 

Don L. Hyatt, O. A. Seager, Linn M. Farish 
Oney Scyprett Hervey, Hondo, Tex. 

Charles H. Row, James A. Waters, F. H. Lahee 
Ralph Crapo Loring, Pasadena, Calif. 

F. M. Van Tuyl, J. Harlan Johnson, Dart Wantland 
William Donald Cossar Mackenzie, Calgary, Alta., Canada 

S. E. Slipper, J. G. Spratt, Theodore A. Link 
Joseph Hanford McCoy, Chickasha, Okla. 

Vaughn W. Russom, Frederic A. Bush, Henry C. Arnold 
William Macklin Osborn, Midland, Tex. 

Kenneth S. Ferguson, Robert E. King, Cary P. Butcher 
Lee S. Osborne, Ventura, Calif. 

M. G. Edwards, Robert B. Moran, C. E. Yager 
Jack Teal Paddleford, Wichita, Kan. 

Walter W. Larsh, Garvin L. Taylor, William L. Clark 
Sumner T. Pike, New York, N. Y. 

E. DeGolyer, Wallace E. Pratt, Joseph E. Pogue 
Ezra H. Powell, Beeville, Tex. 

Stuart Mossom, W. W. Hammond, S. A. Thompson 
Mylert Frank Pryor, Wichita, Kan. 

Edward A. Koester, Marvin Lee, David Ainsworth 
Robert Verne Quinn, Los Angeles, Calif. 

John F. Dodge, A. J. Tieje, Dana Hogan 
Victor Fletcher Reiserer, Wichita, Kan. 

H. E. Redmon, R. B. Dunlevy, Ward R. Vickery 
William Alexander Romans, Baton Rouge, La. 

R. Dana Russell, Henry V. Howe, R. B. Grigsby 
Louis Joseph Simon, Los Angeles, Calif. 

Paul P. Goudkoff, J. M. Hamill, Albert Gregersen 
Hugh Harold Trager, Wichita, Kan. 

C. L. Mohr, T. C. Hiestand, Robert H. Dott 
Rieman Shaw Webb, Wichita, Kan. 

Ward R. Vickery, Roy H. Hall, Walter A. Ver Wiebe 
John Raynesford Williams, Urbana, Ill. 

F. W. De Wolf, M. M. Leighton, Harold R. Wanless 
Leon Otis Wiringa, Tulsa, Okla. 

A. C. Trowbridge, R. E. Shutt, Sherwood Buckstaff 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Michael Charles Brunner, Los Angeles, Calif. 

Max Birkhauser, F. E. Vaughan, Eric K. Craig 
William Frank Calohan, Houston, Tex. 

Walter H. Spears, Merle C. Israelsky, John S. Ivy 
Arne Junger, Corcoran, Calif. 

F. S. Hudson, E. F. Davis, M. G. Edwards 
Louie Christopher Kirby, Gentry, Ark. 

James Terry Duce, John O. Bower, George A. Severson 
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Harvey Maxwell Lytel, Hamburg, Germany 

A. E. Fath, Walter Kauenhowen, Eugene Jablonski 
Chester Sappington, Houston, Tex. 

Joseph M. Dawson, O. S. Petty, Wallace C. Thompson 


MID-YEAR MEETING, PITTSBURGH, OCTOBER 14-16, 1937 


The convention headquarters for the mid-year meeting of the Association 
is the William Penn Hotel. 


GENERAL COMMITTEE 


R. W. Cark, chairman, Gulf Oil Corporation, Box 1166, Pittsburgh, Pennsylvania 
J. E. Brttrycstey, Commonwealth Gas Corporation, Charleston, West Virginia 
Jack GappEss, Potter Development Company, Port Allegany, Pennsylvania 

K. C. Heap, Gulf Oil Corporation, Box 1166, Pittsburgh, Pennsylvania 

DanIEL J. JONEs, State Geologist, Lexington, Kentucky 

J. G. Montcomery, JR., 308 Seneca Street, Oil City, Pennsylvania 

Joun L. Ricu, University of Cincinnati, Cincinnati, Ohio 

DeWitt T. Rinc, Ohio Fuel Gas Company, 99 Front Street, Columbus, Ohio 

J. Frencu Rosinson, Peoples Natural Gas Company, Pittsburgh, Pennsylvania 


ARRANGEMENTS COMMITTEE 


J. FRENcH Rosinson, chairman, 545 William Penn Way, Pittsburgh, Pennsylvania 
K. C. Heatp, Gulf Oil Corporation, Box 1166, Pittsburgh 
L. G. HuntTLeEy, 2811 Grant Building, Pittsburgh 


TECHNICAL PROGRAM COMMITTEE 
TuuRMAN H. Myers, chairman, 1014 Frick Building, Pittsburgh, Pennsylvania 


Trip COMMITTEE 


M. G. GuLLEy, chairman, Gulf Oil Corporation, Box 1166, Pittsburgh, Pennsylvania 
R. E. SHERRILL, University of Pittsburgh, Pittsburgh, Pennsylvania 
Paut H. Price, West Virginia Geological Survey, Morgantown, West Virginia 


OUTLINE OF EVENTS 


ocT. 11, MON. Field trip: from Pittsburgh through folded Appalachians of Mary- 
land and West Virginia to New Market, Virginia (caverns) 
ocT. 12, TUES. Trip continued: up Shenandoah Valley to Lexington, Virginia, thence 
across mountains to Charleston, West Virginia 
Evening: banquet and Appalachian Geological Society symposium on 
oil and gas fields of West Virginia 
. 13, WED. Trip continued: through historic fields of West Virginia to Pittsburgh 
. 14, THURS. Local trips in and near Pittsburgh, in forenoon. Technical session in 
afternoon. Dinner in evening 
. 15, FRI. Technical session in forenoon 
Trip to steel mill in afternoon 
Smoker in evening 
OcT. 16, SAT. Technical session in forenoon 
Carnegie Tech.-Notre Dame game in afternoon 
Field trip, following football game, to oil fields of northwestern Penn- 
= including Drake well and Bradford field (flooding opera- 
tions 
ocT. 17, SUN. Field trip continued 
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TENTATIVE TECHNICAL PROGRAM 
THURSDAY AFTERNOON 
Address of welcome and response 
GerorceE H. AsHLEy, Pennsylvania Geological Survey, “History of Development 
and the Geological Relationships of the Appalachian Fields” 
L. L. Netrieton, Gulf Research Laboratory, ‘‘Gravity, Magnetic and Geological 
Profile Across the Appalachian Mountains” 
L. E. RanpDALL, The Geophysical Company, Inc., “Seismograph Exploration in 
the Appalachian District” 
FRIDAY MORNING 
ao R. FerrKe, Carnegie Institute of Technology, ‘‘The Oriskany in Penn- 
sylvania 
Rosert C. Larrerty, Owens-Libbey-Owens, ‘‘The Oriskany in West Virginia” 
== H. Stout, Geological Survey of Ohio, “Petroleum Geology of Eastern 
Ohio”’ 
C. A. HartnaGet, New York State Museum, “The Medina and Trenton of 
Western New York” 


SATURDAY MORNING : 

B. Gulf Oil Corporation, ‘Geological Occurrence of Oil and Gas in 
ichigan 

— Wasson, Pure Oil Company, “Geological Occurrence of Oil and Gas in 
nois”’ 

R. E. Stouper, Louisville Gas and Electric Company, “The Chester Rocks of 

Meade, Hardin, and Breckinridge Counties, Kentucky” 
NeEWALL M. Wrtper, Lexington, Kentucky, “Repressuring in Eastern Kentucky” 
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ASSOCIATION COMMITTEES 


H. B. Fuqua, chairman, Fort Worth, Texas 
Tra H. Cram, secretary, Tulsa, Oklahoma 


Artuur A. BAKER (1938) 
Writram A. BAKER (1939) 
Orvat L. Brace (1939) 
Cary P. ButcHEr (1939) 
Freperic A. Buss (1939) 
C. G. CaRLson (1938) 
Harotp S. Cave (1939) 
Rosert W. CiarK (1939) 
Ira H. Cram (1938) 

A. F. Crmer (1939) 

A. Artuur CurticE (1939) 


EXECUTIVE COMMITTEE 

Ratpag D. REED, Los Angeles, California 
C. L. Moopy, Shreveport, Louisiana 

W. A. Ver Wiese, Wichita, Kansas 


GENERAL BUSINESS COMMITTEE 


J. Brian Esy (1938) 

H. B. Fugva (1939) 
BENJAMIN F. HaKE (1939) 
L. W. Henry (1937) 

V. G. Hitt (1939) 
Harowp W. Hoots (1938) 
H. V. Howe (1938) 

J. Hartan Jounson (1939) 
Epwarp A. KoEsTER (1930) 
J. J. Maucint (1938) 

C. L. Moopy (1938) 


R. E. REtTGER (1938) 

R. B. RutLepcE (1939) 

R. F. SCHOOLFIELD (1939) 
Frep P. SHAyYEs (1939) 

S. E. (1939) 
Homer J. Stemy (1939) 

W. T. Tuom, JR. (1939) 

J. D. Toompson, Jr. (1938) 
James A. Tone (1939) 
Watrter A. Ver WIEBE (1938) 
Stan.ey G. WIsSLER (1938) 


Davm Perry Otcort (1939) Anprew C. Wricut (1939) 


D. REED (1938) 
RESEARCH COMMITTEE 
Dona p C. BARTON (1939), chairman, Humble Oil and Refining Company, Houston, Texas 
Haro W. Hoots (1939), vice-chairman, Union Oil Company, Los Angeles, California 


A. R. (1939) 


M. G. CHENEY (1938), vice-chairman, Coleman, Texas 


Joun G. Bartram (1938) 
C. E. (1938) 
Rosert H. Dorr (1938) 
K. C. Heap (1938) 
Stantey C. HEROD (1938) 


Tueopore A. Link (1938) 
C. V. MILirKan (1938) 

R. C. Moore (1938) 

F. B. PLuMMER (1938) 
Joun L. Rica (1938) 


W. L. Gotpston (1939) 

W. C. SPOONER (1939) 

PARKER D. TRASK (1939) 
Mavrice M. ALBERTSON (1940) 
Wruram E. Husparp (1940) 


F. H. LAwEE (1938) 
H. A. Ley (1938) 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


Freperic H. LAwee (1940) 
GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. Bartram, Stanolind Oil and Gas Company, Casper, Wyoming 


C. W. Tomirmson (1938) 
GLENN H. Bowes (1939) 


Joun C. KarcHer (1940) 
Norman L. Tuomas (1940) 


M. G. CHENEY B. F. Hake A. I. LEvorsEN J. R. Reeves 

ALEXANDER DEUSSEN G. D. Hanna C. L. Moopy ALLEN C. TESTER 

Guenn S. M. C. IsRAELSKY R. C. Moore W. A. THomas 
Ep. W. OWEN 


TRUSTEES OF REVOLVING PUBLICATION FUND 
J. V. Howe tt (1939) 


TRUSTEES OF RESEARCH FUND 
Arex W. McCoy (1939) 


FINANCE COMMITTEE 
W. B. Heroy (1939) 


Ben F. Hake (1938) Rates D. REED (1940) 


A. A. BAKER (1938) Rosert J. Rices (1940) 


Tuomas S. Harrison (1938) E. DEGOLYER (1940) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
Frank RovKer Crark, chairman, Box 981, Tulsa, Oklahoma 


H. ATKInson Ira OrHo BROWN Eart P. Hinpes H. S. McQueen 
Ou G. Bett Hat P. ByBEEe Marvin Lee E. K. Soper 
Artur E. BRAINERD Carey CRONEIS S. E. Suipper Eart A. TRAGER 
COMMITTEE FOR PUBLICATION 
Freperic H. Lanes, chairman, Box 2880, Dallas, Texas 
Wa ter R. BERGER James FirrzGerap, Jr. A. M. Lioyp J. T. Ricnarps 
CHARLES BREWER, JR. Harotp W. Hoots W. A. MALEY THERON Wasson 


Paut WEAVER 
A. W. WEEKs 
A. C. Wricat 


Grauam B. Moopy 
R. B. NEwcomBE 
Ep. W. Owen 

R. E. Rettcer 


T. C. Crarc 
James Terry Duce 
C. E. ErpMANN 


J. Hartan JoHNSON 
Epwarp A. 
Caas. H. Lavincton 
A. L. LEvorsen 
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Memorial 


LEON J. PEPPERBERG 
(1883-1937) 

The loss of so cherished a friend as Leon J. Pepperberg, by his sudden 
death on May 12, 1937, is but feebly compensated for by the tender memories 
of a friendship extending over a period of nearly 20 years. 

Leon J. Pepperberg was born January 20, 1883, at Plattsmouth, Ne- 
braska, the son of Julius and Alice Pepperberg. He obtained his bachelor’s 
degree from the University of Nebraska in 1905, continued as a fellow in the 
department of geology for the ensuing year, and in 1908 received his M.A. de- 
gree from the same institution. The following year he married Rachel F. 
Carns, who, with one son, Leon E., survives. 

Mr. Pepperberg’s professional career was a varied one, beginning with 
three years as an assistarit geologist on the Nebraska Geological Survey, 
1903-1906; during the period from 1906 to 1910, he was a member of the 
Fuel Division of the United States Geological Survey; he resigned the latter 
position to become geologist for the Southern Pacific Railroad for the period, 
1910-1912. He then established himself as consulting geologist and engineer 
at San Francisco, California, and, during a 4-year period, specialized in the 
valuation of oil and gas properties in California, Wyoming, Oklahoma, Texas, 
Old Mexico, and Canada. For 2 years of this time, he was also a director of 
the firm of Smith-Emory and Company, chemical engineers. From 1917 to 
1919, he was geologist and general manager for C. J. Wrightsman, with vari- 
ous oil properties in Kansas, Oklahoma, Texas, and Wyoming. In 1o19, he 
moved to Dallas as consulting geologist and engineer, where he participated 
actively in the early development of Stephens and Eastland counties, the 
Laredo district, and the Mexia fault zone. He is generally credited with the 
discovery of the Ivan and Nigger Creek pools of Texas and the southern ex- 
tension of the El Dorado pool of Arkansas. He also served as consulting geolo- 
gist during 1919-1920 for Col. George W. Goethals, in connection with the 
Lake Dallas Project. In 1928, he became consulting geologist for the Columbia 
Engineering and Management Corporation (Columbia Gas and Electric Cor- 
poration) and had an active part in the development of north-central Penn- 
sylvania and southern New York. At the close of his connection with the 
Columbia Corporation, in 1931, he returned to Dallas, which remained his 
home. 

Mr. Pepperberg’s principal publications included: U. S. Geological Survey 
Bulletins 280], 381A, 430C, and 471E; “Nigger Creek Oil Field, Limestone 
County, Texas,” Structure of Typical American Oil Fields, Vol. I (Amer. 
Assoc. Petrol. Geol., 1929); “‘Basic Data for Oil and Gas Wells” (joint author 
Eugene A. Stephenson), Petroleum Development and Technology (A.1.M.E., 
1934), pp. 84-94; together with numerous short articles in Mining & Science 
Press, Western Engineering, Oil Weekly, and National Petroleum News. 

He was a member of the following technical societies: American Associa- 
tion of Petroleum Geologists, American Institute of Mining and Metallurgi- 
cal Engineers, American Petroleum Institute, Geological Society of Washing- 
ton, Society of Economic Geologists, Dallas Petroleum Geologists, Ohio 
Academy of Science. His clubs were: University, Masons. 
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The outstanding characteristics of our deceased friend were his vision, 
his unswerving integrity, and his indefatigable perseverance in the search 
for sound conclusions in whatever field of endeavor he pursued (and these 
fields were numerous and broad.) The writer has known of many cases in 
which Leon Pepperberg was approached by various clients to accept assign- 


poo 


Courtesy of Roy Lee Jackson 


LEON J. PEPPERBERG 


ments of work which meant considerable profit, but he never failed to inform 
the client that, even though the conclusions which he might draw from his in- 
vestigations would be contrary to the interests of the client, he would stead- 
fastly adhere to those conclusions. Keen of wit, and with a delightful sense 
of humor, he had an optimistic outlook on life which was almost contagious; 
he regarded his civic and scientific duties as sacred trusts which no adversity 
could shake. Deeper acquaintance brought only greater admiration and re- 
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spect for him, both professionally and personally. Our sympathies for his 
family are hereby expressed; we, too, loved him. 


EuGENE A. STEPHENSON 
Rota, Missouri 
June 7, 1937 
HERBERT GEORGE OFFICER 
(1889-1937) 


Herbert George Officer, a successful petroleum geologist and executive of 


Tulsa, Oklahoma, died May 18, 1937, in Monterey, California. His death was 
due to pneumonia after a short illness. 


HERBERT GEORGE OFFICER 


Bert Officer was born in Buttersville, Michigan, on May 28, 1889. He was 


graduated from the University of South Carolina in 1911, at which time he 
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received a B.S. and an M.A. degree. He attended Columbia School of Mines 
from 1911 to 1913, receiving an E.M. degree from that institution. 

Mr. Officer followed mining engineering for a number of years thereafter. 
Immediately after graduation he was engaged as engineer, and later became 
manager, of a famous group of silver mines in Huantajaya, Chile, where he 
remained until 1915. While in this position Mr. Officer surveyed for the first 
time many miles of undergound workings originally dug by the Inca Indians 
and later expanded by the Spaniards. 

Mr. Officer was engineer and geologist for the Andes Exploration 
Company from 1916 to 1918, and chief geologist for the Santiago Mining 
Company from 19109 to 1921. 

In 1922 he entered the oil business, working as a geologist for the Amerada 
Petroleum Corporation and later with the Twin State Oil Company and the 
Sinclair Oil Company. In 1926 Bert permanently joined the Amerada staff 
as a junior executive in the land department, and a few years later became 
head of that department. 

His work with the Amerada was rapidly increased in its scope, and he 
was chiefly responsible for the extensive land operations of that company. 
Mr. Officer became widely known throughout the entire Mid-Continent area. 
Due to his early training he materially assisted in the interpretation of 
geological data and the evaluation of geological and geophysical prospects. 
In this work he was invaluable to the Amerada. His career was a shining 
example of successful executive direction based on technical knowledge. His 
outstanding qualities as a man and the high standard which he set for himself 
in the field of human relationships won him a host of friends, and his loss will 
be keenly felt throughout the oil country and the mining industry generally. 

Besides his widow, Helen Bugbee Officer, he left a daughter Helen, aged 
16, and two sons, Herbert, Jr., aged 15, and Tommy, aged 9. 


Joun M. Lovejoy 
New York, N. Y. 
May 28, 1937 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


The official delegates appointed by President Roosevelt to represent the 
United States at the seventeenth International Geological Congress at 
Moscow, July 20-29, are: S. SmirH, WALTER H. BucHer, ERMINE C. 
Case, GEORGE E. Conpra, GeorGE B. CrEsSEY, CARL O. DuNBAR, JULIA 
GARDNER, JEWELL J. GLass, Marcus I. GoLpMan, Epwarp P. HENDERSON, 
Loy W. HENDERSON, BENJAMIN F. HowELt, ARVILLE I. LEvorsEN, JOHN P. 
MARBLE, ARTHUR K. MILLER, Raymonp C. Moore, Norman D. NEWELL, 
James S. WILLIAMS, WILL1AM E. WRATHER. 


J. D. WHEELER, petroleum engineer with the Ohio Oil Company, has 
moved from Tulsa to Houston. His address is Box 3128, Houston, Texas. 


Huco R. Kamp, recently with the Louisiana Oil Refining Corporation, 
has accepted the position of district geologist with the Arkansas Natural 
Gas Corporation for North Louisiana, South Arkansas, and Mississippi. His 
address is Box 1734, Shreveport, Louisiana. 


W. I. IncHaM is employed by the Mid-Continent Petroleum Corporation 
in Kansas. 

Wa ttace E. Pratt, vice-president of the Humble Oil and Refining Com- 
pany, Houston, Texas, since 1933, has been elected to the board of directors 
of the Standard Oil Company of New Jersey and to the executive committee 
of the company. His address is 30 Rockefeller Plaza, New York City. 


L. P. Teas has been appointed chief geologist for the Humble Oil and 
Refining Company, Houston, Texas. 


SAMUEL C, JoHNsoN, who graduated from Columbia University, New 
York, in 1936, is employed by the Seismograph Service Corporation of Tulsa, 
Oklahoma. 


The African Geological Surveys’ Association is composed of the geological 
surveys of French West Africa, Gold Coast, Nigeria, Cameroun, French 
Equatorial Africa, Angola, Belgian Congo, Kenya and Uganda, Tanganyika, 
Nyasaland, Northern Rhodesia, and Southern Rhodesia. The secretaryship 
of the association is at the Bureau d’Etudes géologiques et miniéres coloniales, 
F. Blondel, director, 13, Rue de Bourgogne, Paris, 7e. An international geo- 
logical map of Africa is in preparation. 


The council of the Geological Society of America has nominated the fol- 
lowing officers: president, ARTHUR L. Day, Washington, D. C.; past-presi- 
dent, CHARLES PALACHE, Cambridge, Massachusetts; vice-presidents, 
T. WAYLAND VAUGHAN, Washington, D. C., WARREN J. MEap, Cambridge, 
Massachusetts, JosEpH A. CusHMAN, Sharon, Massachusetts, N. L. Bowen, 
Washington, D. C.; secretary, CHartes P. BeERKEY, New York City; treas- 
urer, EpwarD B. MaTHEws, Baltimore, Maryland. Nominations for addi- 
tional councilors are: Mortey E. Witson, Ottawa, Canada; Jonn B. 
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REESIDE, JR., Washington, D. C.; Henry A. BUEHLER, Rolla, Missouri; 
H. SELtarps, Austin, Texas. 


Noet Evans has changed his address from Oklahoma City, Oklahoma, to 
Tide Water Oil Company, Esperson Building, Houston, Texas. 


EuGENE A. STEPHENSON, professor of petroleum engineering at the Mis- 
souri School of Mines at Rolla since 1930, has been appointed to take charge 
of petroleum engineering at the University of Kansas at Lawrence. 


A. RocEer Denison has been promoted from the position of district ge- 
ologist for the Amerada Petroleum Corporation at Fort Worth, Texas, to the 
new position of chief geologist at Tulsa, Oklahoma. Mrs. DoLie RADLER 
HALL is administrative geologist at Tulsa. J. F. HosTeRMAN is district ge- 
ologist at Fort Worth. 


D. D. HEeNINGER, geologist with The Ohio Oil Company, formerly at 
Houston, Texas, is now with the same company at San Antonio, Texas. 


Donatp E. FureLiuart, formerly an engineer with Brokaw, Dixon, 
Garner and McKee, has resigned to become conservation engineer in the 
Louisiana Department of Conservation. He may be addressed at Natchi- 
toches. 


GLEN B. Gartepy has been appointed chief geologist for the Ohio Oil 
Company in Los Angeles. THomas Bow Les will take over Mr. Gariepy’s 
former duties as geologist in Bakersfield. 


BerNarD H. Lasky, geologist, is now located in the Sterling Building, 
Houston, Texas. 


KENNETH M. Wi tson has changed his address from Shreveport, 
Louisiana, to 1104 Cosden Building, Tulsa, Oklahoma. 


The South Texas Geological Society has more than 200 members and the 
number is increasing according to Harry H. Now av, president, 833 Milam 
Building, San Antonio. The May meeting was held at Corpus Christi under 
the chairmanship of W. A. MALeEy, vice-president. Chief chemist Davirs, 
of the Southern Alkali Corporation, read the paper of the evening, after which 
there was a dinner dance on the deck of the Plaza Hotel. The annual picnic 
and baseball game, attended by 250 people, were held at New Braunfels 
under the chairmanship of Puttrp S. SHOENECK. The June meeting was held 
at the Petroleum Club, San Antonio, June 21. 


The newly elected officers of the Tulsa Stratigraphic Society are as 
follows: president, R. V. HoLtrncswortn, Shell Petroleum Corporation; 
vice-president, L. H. Luxert, The Texas Company; secretary-treasurer, 
E. D. Cantt, Skelly Oil Company. 


Norval BALLarp resigned June 15 from Phillips Petroleum 
Company, Bartlesville, Oklahoma, to become associated with A. I. LEvoRSEN 
and Frep H. Moser of Tulsa. 


Mark C. Matampny, formerly with the Instituto Geologicao e Mineral- 
ogico Do Brazil, Praia Vermelha, Rio de Janeiro, is now a consulting geo- 
physicist in Cumberland, Maryland. His address is 304 Park Street. 
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K. Wasuincton Gray, who has been with the Commonwealth Oil 
Refineries, Ltd., Melbourne, Australia, returned to England June 1. He may 
be addressed at the Anglo-Iranian Oil Company, Ltd., Brittanic House, 
Finsbury Circus, London, E.C. 2. 


RosBert Cecit Lang, formerly of Waco, Texas, is now doing geological 
work in New York and Pennsylvania for Godfrey L. Cabot, Inc., 516 Ex- 
change National Bank Building, Olean, New York. 


REAGAN TUCKER has resigned as geologist with the Kenco Corporation 
to become geologist for the Buckingham Oil Company with headquarters at 
Corpus Christi, Texas. 


Joun F. Donce, professor of petroleum engineering at the University of 
Southern California, is on an extended trip around the world. Prior to re- 
turning next February, he will spend several months of study in the oil fields 
of Borneo, Sumatra, and the interior of India. A study of foreign drilling 
methods will also be made‘in China and Japan. 


Louts N. WATERFALL has been appointed assistant chief geologist of the 
Union Oil Company, and will be in charge of geophysical work. He will also 
assist the chief geologist in the administrative duties of that department. 


M. B. Arick, recently with the Humble Oil and Refining Company at . 
Midland, Texas, is now senior geologist in charge of field work for the Lago 
Petroleum Company at Maracaibo, Venezuela. 


A. P. LosKkamp, of the Barnsdall Oil Company at Midland, Texas, has 
succeeded M. B. Arick as vice-president of the West Texas Geological 
Society. 


FreDERIC H. LAHEE has been appointed to membership in the National 
Research Council as representative of the Association in the Division of 
Geology and Geography during the next 3 years. CHESTER A. LONGWELL is 
chairman of the Division. 


CoRNELIA CAMERON, recently instructor in geology at the Eldorado, 
Kansas, Junior College, has accepted a position with the Empire Oil and 
Refining Company at Wichita, Kansas. 


The Kansas Geological Society announces its eleventh annual field con- 
ference to be held in southeastern Kansas and northeastern Oklahoma, 
September 3-6. The conference will be primarily a continuation of previous 
conference studies of the Pennsylvanian rocks of Kansas and adjoining states. 
R. C. Moore, State geologist of Kansas, director of the conference, will be 
assisted by K. K. LANDES, assistant State geologist. RoBERT H. Dorr, direc- 
tor of the Oklahoma Geological Survey, and J. M. Jewett, University of 
Wichita, will aid in the preliminary field work and the conduct of the con- 
ference. A registration fee, not to exceed $8, including the price of the guide 
book, will be charged to help defray the expenses of the conference. Extra 
guide books may be purchased for not more than $5 each. James I. DANIELS, 
820 Union National Bank Building, Wichita, is president, and Vircit B. 
Coe, 1107 Union National Bank Building, is secretary-treasurer of the 
Kansas Geological Society. 
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PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 
embers of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 1852, Tulsa, Oklahoma 


CALIFORNIA 
WILLARD J. CLASSEN RICHARD R. CRANDALL 
Consulting Geologist Consulting Geologist 
Petroleum Engineer 404 Haas Building 
1093 Mills Building LOS ANGELES, CALIFORNIA 


SAN FRANCISCO, CALIFORNIA 


PAUL P. GOUDKOFF 
J. E. EATON Geologist 


Consulting Geologist te 
and Mineral Grains 
2062 N. Sycamore Avenue 


LOS ANGELES, CALIFORNIA 150 Suey 


Los ANGELES, CALIFORNIA 


C. R. McCOLLOM WALTER STALDER 
Consulting Geologist Petroleum Geologist 
Richfield Building 925 Crocker Building 

Los ANGELES, CALIFORNIA SAN FRANCISCO, CALIFORNIA 


IRVINE E. STEWART 


Consulting Geologist . JACK M. SICKLER 


Geologist 
Suite 505 
811 West Seventh Street Building Pacific Mutual Building 
Los ANGELES, CALIFORNIA Los ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 


1227 Bank of America Building 


Los ANGELES, CALIFORNIA 
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COLORADO 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


— Instruments — 
— Surveys — Interpretations — 
C. A. HgrLanp Club Bidg. 
President Denver, CoLo. 


JOHN H. WILSON 
Geologist and Geophysicist 


Colorado Geophysical Corporation 
610 Midland Savings Building, Denver, CoLorapo 


KANSAS 


R. B. (IKE) DOWNING 
Geological Engineer 
‘agnetic Surveys 


Union National Bank Bldg. WICHITA, KANSAS 


L. C. MORGAN 
Petroleum Engineer and Geologist 
Specializing in Acid-Treating Problems 

358 North Dellrose 

Wicnita, Kansas 


LOUISIANA 


J. Y. SNYDER 


1211 City Bank Building 
SHREVEPORT, LOUISIANA 


No Commercial Work Undertaken 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 
Giddens-Lane Building SHreveport, La. 


NEW MEXICO 


RONALD K. DeFORD 
Geologist 


ROSWELL MIDLAND 
New Mexico TEXAS 
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NEW YORK 


FREDERICK G. CLAPP BROKAW, DIXON & McKEE 
Geologists Engineers 
50 Church Street Examinations, Rapoms, Appraisals 
NEW YORK 120 Broadway Gulf Building 
New York Houston 
A. H. GARNER 
Geologist Engineer 
PETROLEUM 
NATURAL GAS 
120 Broadway New York, N.Y. 
OHIO 
JOHN L. RICH 
Geologist 
Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinnati 
Cincinnati, Ohio 
OKLAHOMA 
GINTER LABORATORY 
ELFRED BECK CORE ANALYSES 
Geologist Permeability 
525 National Bank of Tulsa Buildi Porosity 
ationa: ank u u:iding 
TULSA OKLAHOMA R. L, GINTER Reserves 
Owner 118 West Cameron, Tulsa 
MALVIN G. HOFFMAN R. W. Laughlin L. D. Simmons 
Geologist WELL ELEVATIONS 
Oklahoma, Kansas, Texas, and 
Midco Oil Corporation lew Mexico 
Midco Building LAUGHLIN-SIMMONS & CO. 
TULSA, OKLAHOMA 605 Oklahoma Gas Building 
TuLsa OKLAHOMA 
MID-CONTINENT TORSION BALANCE SURVEYS 
INTERPRETATIONS A. I, LEVORSEN 
KLAUS EXPLORATION COMPANY Petroleum Geologist 
H. KLAUS 
W Boul 
Geologist and Geophysicist 
TULSA OKLAHOMA 
404 Broadway Tower Enid, Oklahoma 
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OKLAHOMA 


GEO. C. MATSON 
Geologist 


Philcade Building Tusa, 


G. H. WESTBY 


Geologist and Geophysicist 
Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 


Petroleum Geologists 
Engineers 


L. G. HuNTLEY 
J. R. Write, Jr. 
H. RUTHERFORD, Geophysics 
Grant Building, Pittsburgh, Pa. 


DONALD C. BARTON 
Geologist and Geophysicist 
Humble Oil and Refining 
Company 


D'ARCY M. CASHIN 
Geologist Engineer 


Specialist, Gulf Coast Salt Domes 


Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 


HOUSTON TEXAS HOUSTON, TEXAS 
E. DeGOLYER 
Geologist ALEXANDER DEUSSEN 

r Building Consulting Geologist 

Houston, Texas Specialist, Gulf Coast Salt Domes 
Continental Building 

F. B. Porter 
DAVID DONOGHUE President 


Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


THE FORT WORTH 
LABORATORIES 
Anal of Brines, Gas, Minerals, Oil. - 
of Water Analyses. Field 
8284, Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


‘ xii 
| 
| 
| 
TEXAS | 


Bulletin of The American Association of Petroleum Geologists, July, 1937 


TEXAS 


J. S. G. W. Pirt_e 
HUDNALL & PIRTLE 


Petroleum Geologists 


JOHN S. IVY 
United Gas System 


Appraisals Reports 921 Rusk Building, HOUSTON, TEXAS 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 
icist 
Gravimetric Seismic 
Magnetic Electric Western Reserve Life Building 
Surveys and Interpretations SAN ANGELO TEXAS 
2102 Bissonett HOUSTON, TEXAS 


DABNEY E. PETTY 
Geologist 


P. O. Drawer 1477 SAN ANTONIO, TEXAS 


E. E. Rosatre 


SUBTERRREX 
BY 
Geophysics and Geochemistry 


Esperson Building Houston, Texas 


A. T. SCHWENNESEN 
Geologist 


1517 Shell Building 
HOUSTON TEXAS 


W. G. Savitte J. P. SchumMacHER A. C. PAGAN 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1404-10 Shell Bldg. Phone: Capitol 1341 
HOUSTON TEXAS 


HAROLD VANCE 
Petroleum Engineer 


Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


WYOMING 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL 


COLORADO KANSAS 
ROCKY MOUNTAIN KANSAS 
ASSOCIATION OF PETROLEUM GEOLOGICAL SOCIETY 


GEOLOGISTS 
DENVER, COLORADO 


President -_ + H. W. Oborne 
Box 37, Colorado Springs 


1st Vice-President -_ - E. H. Hunt 
he Texas Company 
2nd Vice-President - - O. Thompson 
of Colorado 
Secretary-Treasur J. Harlan Johnson 
Box 336, Colorado School of Mines, Golden, Colo, 


Luncheon meetings, first and third Mondays of 
each month, 6:15 P.M., Auditorium Hotel. 


WICHITA, KANSAS 


President + + + « J. I. Daniels 
Vice-President E. Chey 
ice-President -_ - A. E. 
Ohio Oil 
Secretary-Treasurer - - Virgil B. Cole 
Gulf Oil Corporation 


Regular 7:30 p.M., Allis Hotel, 
* month. Visitors cordially 


The 8 Society sponsors the Kansas Bureau 
Mec is located at 412 Union MF Bank 
uilding. 


LOUISIANA 


OKLAHOMA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - - + - - + Shapleigh G. Gray 
The Texas Company 
Vice-President - H. K. Shearer 
The Hunter Comvaar, Inc. 


Secretary-Treasurer - C. R. McKnight 
Arkansas Fuel Oil “Company 


Meets the first Jeides of month, Civil Courts 
Room, Caddo Parish Court House. Luncheon every 
Friday noon, Caddo Hotel. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - - - + Ed I. Thompson 
Phillips Company 
Secretary-Treasurer - - ~- Don O. Chapell 


Shell Petroleum Corporation 


Meetings: First Tuesday of each month, from Octo- 
ber to May, inclusive, at 7:30 P.m., Dornick Hills 
Country Club. 


OKLAHOMA 
OKLAHOMA CITY SHAWNEE 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA SHAWNEE, OKLAHOMA 
President - + «+ « Leland W. Copass 
Vice-Presid: - + + «+ Paschal 
ice-President Coline Oil Company L. Hyatt 
Secretary-Treasurer H. L. Crockett 


Colcord Building 


Meetings: Sqcond Monday, each month, 8:00 P.M., 
Exchange Building. Luncheons: Every 
Monday, 12:15 p.mM., Commerce Exchange Building. 


Secretary-Treasurer - - + + M, C, Roberts 
The Texas Company 
Meets Go fount of each month at 8:00 


P.M., at the 1. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - V. Hollingsworth 
Shell Petroleum 
Vice-President - - + L. H. Lukert 


The Texas Company 


Secretary-Treasurer E. 
Skelly Oil Company 


Meetings: Second and fourth Wednesdays, each 
month, from October to May, inclusive, at 8:00 
P.M. 


D. Cahill 


President - - Frederic A. Bush 
Sinclar Prairie Oil 
1st Vice- fresiden obert J. Riggs 
2nd Vice President Charles G, Carlson 


an 
Secretary-Treasurer - - Clack Millison 


McBirney Building 
le ac 


“Gulf ‘Oil 
from Octobe First Mondays, each month, 
. inclusive, at 8:00 P.M., 
floor, Pose uilding. Luncheons: Every 
ah, fourth floor, Tulsa Building. 


Editor - - 
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SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 


Box 1852, Tulsa, Oklahoma 


TEXAS 


DALLAS 
PETROLEUM GEOLOGISTS 


DALLAS, TEXAS 
President - Charles B. Carpenter 
U. ‘s. Bureau of Mines 


- Dilworth S. Hager 
2 Tower Petroleum Building 


R. A. Stehr 
Texas Seaboard “oil Company 


Meetings: Regular luncheons, first Monday of each 
month, 12:15 noon, Petroleum Club. Special night 
meetings by announcement. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


President - - A. Reynolds 
Fort Worth “National Bank Building 


Vice-President - A. L. Ackers 
Stanolind Oil and Gas Company 


Secretary-Treasurer M. E. Upson 
Gulf Oil Corporation 


Meetings: Luncheon at noon by Hotel, every 

Monday. Special meetings called by executive com- 

mittee. Visiting geologists are welcome to all 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


President - - + - + + + Phil F. Martyn 
Houston Oil Company of Texas 


O. L. Brace 
3 Second National Bank “Building 


Secretary-Treasurer - - Wallace C. 
General Crude Oil Company, Esperson Building 


Regular every Thursday at noon (12:15) 
at the ‘Club, Frequent special meetings 
called by the executive committee. For any par- 
ticulars pertaining to meetings call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


President - S. G. Waggoner 
a Consulting Geolo ist 


First National Bank Building 
Vice-President - A. W. Weeks 
Shell Petroleum Corporation 
Secretary-Treasurer - John T. Sanford 

Magnolia “Petroleum 


Meetings: Second Friday, each month, at 6:30 P.M. 
Luncheons: Fourth Frida’ , each month, at 12:15 
P.M. 

Place: Hamilton Building 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 
John W. Clark 
lia Petroleum company 


Vice-President - Robert B. Mitchell 
Stanolind Oil and Gas Company 


Secretary-Treasurer Robert 
pire Gas and Fuel Company 


Meetings: Monthly and by call. 
Luncheons: Every Friday, Cameron's Cafeteria. 


President - - 
Magno 


L. Jones 


WEST TEXAS GEOLOGICAL 
SOCIETY 


SAN ANGELO AND MIDLAND, TEXAS 


President - Kiting FitzGerald, Jr. 
Skelly Oil Co., idlan 
Vice-President - - P. Loskamp 
Barnsdall Company, Midian 
Secretary-Treasurer Joh Hills 
Amerada Petroleum “Corporation, Midland 


Meetings will be announced 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO AND CORPUS CHRISTI 
TEXAS 


President - Har: Nowlan 
Darby Petroleum Corporation, Bag Antonio 


Vice-President A. Maley 
Humble Oil and Refining Company, Conus Christi 
Treasurer Stuart Mossom 


Magnolia Petroleum Company, San 
Executive Committee - - Adolph Dovre 
and C. C. Miller 
Momsings: Third Friday of each month at 8 P.M. 
at the roleum Club. Luncheons every Monda' 
noon at roleum Club, Alamo National Build- 
ing,. i Antonio, and at Plaza Hotel, Corpus 
risti. 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 


President - E. Billingsley 
Commonwealth “Gas 
401 Union 
Vice-President- - - - B. Browning 
Consultin Geola ist and 
ational Bank Building 
Ashland, Kentucky 
- Charles Jr. 
Godfrey L. Cabot, “Inc., Box 348 
= Soest Monday, each month, at 6:30 
ufiner H lotei. 
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WELL 


. sas On the New Perfect Material “LOGCARD” 
Mid-West Printing Co?" Types Carried in Stock 


BOX 766, TULSA, OKLAHOMA Write for Catalog 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


Representing Complete Reproduction Plant 
W. & L. E. Gurley Manet 
Spencer Lens American Paulin I iced 


12 West Fourth Street, Tulsa, Oklahoma 


REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
et des Sciences connexes and Connected Sciences 
RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini’ . und verwandte Wissenschaften 


Abstract spree published monthly with the codperation of the FONDATION UNIVERSITAIRE DE 
BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 
tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologie, 35, Rue de Armuriers, Liége, Belgium. 


Subscription, Vol. XVII (1937), 35 belgas Sample Copy Sent on Request 


The Annotated 


Bibliography of Economic Geology ™ Pe tro l eum “i 
Vol. IX, No. 1 


Magazine for the interests of the whole 


Is Now Ready Oil Industry and Oil Trade. 
Orders are now being taken for the 
entire volume at $5.00 or for individual Subscription (52 issues per annum) $18 


numbers at $3.00 each. Volumes I, II, 
III, IV, V, VI, VII, and VIII can still 


be obtained at $5.00 each. “Tagliche Berichte 

The number of entries in Vol. I is 
1,756. Vol. II containg 2,480, Vol. III, tiber die Petroleumindustrie 
2,260, Vol. IV, 2,224, Vol. V, 2,225, Vol. (“Daily Oil Reports.”) 
VI, 2,085, Vol. VII, 2,166, and Vol. VIII, I : : 
1,186. Special magazine for the interests of the whole 


Oil Industry and Oil Trade 
Of these 4,670 refer to petroleum, gas, 


etc. and geophysics. They cover the Subscription: $40 
world. 
If you wish future numbers sent you 
promptly, kindly give us a continuing VERLAG FOR FACHLITERATUR 
order. Ges.m.b.H. 
i BERLIN SW. 68, Wilhelmstrasse 147. 
Economic Geology Publishing Co. 


VIENNA XIX/1, Vegagasse 4. 
Urbana, Illinois, U.S.A. 
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A 32-page illustrated booklet des- 
cribing the use of our magnetometric 
methods in petroleum surveys now is 
available. If you have not already 
received your copy, it will be 


mailed on request. 


GIDDENS-LANE BUILDING 


SHREVEPORT, LA. 
CABLE ADDRESS: WILBAR 


 - 
SURVEYS 
AG 
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WE BANK ON OIL 
1895 — 1937 


THE 
t=} FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


902 Tower Petroleum Building 
Telephone LD 711 Dallas, Texas 


Verlag von Gebrider Borntraeger in Berlin und Leipzig 


Einfihrung in die Geologie, ein Lehrbuch der inneren Dynamik, von 


Professor Dr. H. Cloos. Mit 1 Titelbild, 3 Tafeln und 356 Textabbil- 
dungen (XII und 503 Seiten) 1936 Gebunden RM 24.— 


Lehrbuch der physikalischen Geologie, ..... ps. Robert Schwinner, 


Professor fiir Geologie an der Universitat Graz. Band I. Die Erde als 
Himmelskoérper. Mit 62 Figuren und 1 Tafel (XII und 356 Seiten) 
1936 Gebunden RM 16.— 


Die neuere Entwicklung in der Geologie szielt dahin, die Ergebnisse 
der Physik mehr und Gfter heranzuziehen und starker auszunutzen als 
bisher; so fiir Grundlagen, Theorie und das Weltbild im allgemeinen, aber 
auch in nicht geringem Maf fiir besondere Aufgaben des praktischen 
Lebens (geophysikalische Verfohren im Bergbau usw.) Das Buch will 
dieses Material dem Geologen zuganglich machen. Es ist etwa als sweiter 
Lehrgang gedacht, folgend auf eine Einleitungsvorlesung oder das 
Selbststudium eines elementaren Lehrbuches. 


Ausfiihrliche Prospekte iiber Einzelwerke kostenfrei 
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WHERE 


NEW FIELDS ARE FOUND 
YOULL FIND 


We cover the back trails, too, with our 


REVIEW INTERPRETATION 
DEPARTMENT 


Offering to others, as well as our own clients, 
the benefit of our years of accumulated ex- 


perience in successtul interpretations. 


| 
| 
\ 

| WHY, 
INDEPENDENT EXPLORATION 

ESPERSON BLDG. HOUSTON, TEXAS 
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JUST OFF THE PRESS 


Petrographic and Physical Characteristics of 
Sands from Seven Gulf Coast 


Producing Horizons 


By M. T. HALBOUTY, B.S., M.S., 
Chief Geologist, Glenn H. McCarthy, Inc. 


The material printed in this book was first published in 
The OIL WEEKLY in a number of installments, extending 
over a seven-week period. Because of the widespread in- 
terest and demand for copies, it is being presented in book 
form for the benefit of those who may wish to study or 
continue the research work of M. T. Halbouty, the author. 


Size x 81/4”—Fabrikoid Binding 
126 pages illustrated. Price $1.50 


Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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Second 
Edition 


Chapter Headings 


PROPERTIES, OCCURRENCE AND 
ASSOCIATION OF PETROLEUM 


PETROLEUM EXPLORATION 
METHODS 


ACQUISITION OF TITLE TO OIL 
LANDs 


DEVELOPING THE FIELD 


—revised, enlarged, up-to-date 
Petroleum Production Engineering 


OIL FIELD DEVELOPMENT 


By Lester C. UREN 


Professor of Petroleum Engineering, University of California 
531 pages, 6 x 9, 258 illustrations, $5.00 
This is the first book of a two-volume edition, revised and en- 


larged to cover the far-reaching advances of recent years in this 
field. This book, complete in itself, gives a practical treatment 


Drituinc EQUIPMENT AND of every phase of petroleum production engineering up to the 
oe saree coms at which the wells are ready to produce. It introduces the 
Cans Dieinee time undamentals of field location and covers thoroughly the prob- 


AND METHODS 


Rotary EQUIPMENT 
AND METHODS 


CasinG, CasING APPLIANCES 
AND CASING METHODS 


FisHING TOOLS AND METHODS 


Hypro.ocy ; Exciu- 
SION OF WATER FROM WELLS 


FINISHING THE WELL 
RECORDS 


lems, methods and equipment of oil-field development and 
modern deep-well drilling. 


Every process and method of any consequence is fully explained 
and complete descriptions are given with illustrations of all 
commonly used oil-field equipment, tools and appliances. The 
treatment is well-balanced and comprehensive, for those inter- 
ested in a broad, practical understanding of petroleum production 
technology as a whole. 


Order from 


The American Association of Petroleum Geologists 


Box 1852 . . . Tulsa, Oklahoma 


HERE is a simple, comprehensive guide to 

kinds and meanings of geologic structures 
—designed to be a complete treatment of the 
subject within practicable limits, providing the 


information necessary to analyze any structure _ 


in terms of stress and strain and to interpret 
field observations. Practical emphasis is given 
by many problems and illustrations of facts, 
including geologic maps of typical areas. 


In this third edition the scope has been modi- 
fied by eliminating speculative discussions of 
theories to make room for more thorough treat- 
ment and illustration of practical problems. 
The arrangement has been changed to provide 
a more logical connected sequence of topics. 
The statement of pertinent mechanical princi- 
ples precedes description, and description of 
each type of structure precedes the analysis of 
the stresses and strains involved in the par- 
ticular change of form. The many simplified 
diagrammatic and sectional illustrations are a 
feature of this work. 


Revised 
Enlarged 
Third 


Edition 


Geologic Structures 
By Battey WILLIs 
Professor Emeritus of Geology, Stanford 
University 
and Rosin WILLIs 
544 pages, 5 X 7%, 202 illustrations 
flexible, $4.00 
Order from 
THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 
Box 1852, Tulsa, Oklahoma 
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An Invaluable Record 


GULF COAST OIL FIELDS 


A SYMPOSIUM ON THE GULF 
COAST CENOZOIC 


BY 
FIFTY-TWO AUTHORS 


FORTY-FOUR PAPERS REPRINTED FROM THE BULLETIN 
OF THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS WITH A FOREWORD BY 
DONALD C. BARTON 


EDITED BY 


DONALD C. BARTON 
Humble Oil and Refining Company 


AND 


GEORGE SAWTELLE 
Kirby Petroleum Company 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 


“In the present volume the geologists of the Gulf Coast ... are attempting to supplement that 
older volume [Geology of Salt Dome Oil Fields] with a partial record of the much new information 
of the intervening decade. . . . The quarter century prece ing 1924 was the era of shallow domes. . . . 
Developments of the new era, however, came on with a rush. .. . The year 1925 saw the beginning 
of the extensive geophysical campaign which is still sweeping the Gulf Coast. ... The deepest wells 
at the end of the decade are going below 10,000 feet instead of just below 5,000 feet. . . . Great 
increase in the depth of exploratory wells and of production is a safe prediction. . . . The area of 
good production should be extended southward into the Gulf Coast of Tamaulipas, Mexico. It may 
or may not be extended eastward into southern Mississippi. More Sn production should be es- 
tablished in the belt of the outcrop of the Pliocene, Miocene, and Oligocene. Many new, good oil 
fields should be discovered in the Lissie Beaumont area. . . . The coming decade, therefore, will 
probably be fully as prosperous for the Gulf Coast as the decade which has just passed.”—From Fore- 
word by Donald C. Barton. 


@ 1,084 pages, 292 line drawings, 19 half-tone piates 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 
PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. members and associate members) 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 
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» photograph of a CROOKED HOLE 
made with an EASTMAN SINGLE 
SHOT INSTRUMENT » 


‘be Eastman Single Shot Instrument (exterior 
view shown at left) is designed to be run in an uncased 
hole on drill pipe or sand line. It makes a permanent 
photographic record of the angle and direction that the 
hole is off vertical at the point of survey. The above 
photographic record (actual size), obtained from a sur- 
vey, shows the hole to be off vertical 12° N, 56° E. 
With such information, the operator can maintain a 
continuous record of the hole’s deviation, and in case of 
trouble remedial operations can be planned and exe- 
cuted immediately. 


The Eastman Single Shot Instrument is available on 
a monthly lease basis, being regularly serviced and in- 
spected by an Eastman Service Unit. An Eastman en- 
gineer instructs the driller on the proper use of the 
instrument. 


Licensed under U. S. Patent No. 1,812,994, others pending. 


OlL WELL SURVEY CO. 


General Offices: DALLAS, TEXAS 
LONG BEACH HOUSTON OKLAHOMA CITY 
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Another A.A.P.G. Book of Oil-Field Structure 


Articles on 

Fields in 
Alberta 
Ontario 
Quebec 
California 
Washington 
Idaho 
Oregon 
Utah 
Montana 
Wyoming 
Colorado 
New Mexico 
Texas 
Kansas 
Oklahoma 
Arkansas 
Louisiana 
Michigan 
Illinois 
Indiana 
Kentucky 
Ohio 
Tennessee 
Mississippi 
Alabama 
New York 
Pennsylvania 
West Virginia 
Mexico 


Valuation 
Reserves 
Helium 

Rare Gases 
The Industry 


Geology of 
Natural Gas 


A symposium of The American Association of Petroleum Geologists 
Edited by HENry A. LEY 


Here for the first time has been assembled a comprehensive geologic 
treatise of the occurrence of natural gas on the North American Continent. 


@ 1227 pages, including a carefully prepared index of 77 pages 


@ 250 excellent illustrations, including Maps, Sections, Charts, 
Tables, Photographs 


@ Bound in Blue Cloth. 6 x 9 x 2 inches 


Reduced illustration showing natural gas regions in United Stites 


“There is scarcely any important fact relative to North American gas, be it stratigraphical, 
structural, or statistical, that cannot be readily obtained from the volume.’’—Romances in 
Jour. Inst. Petrol. Tech. (London). 


Price, postpaid, only $4.50 to paid-up members and associates, $6.00 to others 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 
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BAROID PRODUCTS 


INCLUDE MUDS AND MUD CONDITIONERS FOR 


USE IN SUCCESSFULLY PENETRATING ALL TYPES 
OF FORMATIONS ENCOUNTERED IN DRILLING 


peas STOCKS 
BAROID:.. . Extra-Heavy Colloidal Drilling Mud ANS 


AQUAGEL: .. . Trouble-Proof Colloidal Drilling Mud X if SERVICE ENGINEERS 


STABILITE: ... An Improved Chemical Mud Thinner 
ALL ACTIVE 
BAROCO: An Economical, Salt Water-Resisting Drill- § OILFIELDS OF 
ing Clay 
FIBROTEX: For Preventing or Lost Circu- 
lation in Drilling W 


~BAROID SALES DEPARTMENT. 


NATIONAL PIGMENTS & CHEMICAL DIVISION 


NATIONAL LEAD COMPANY 
BAROID SALES OFFICES—LOS ANGELES - TULSA - HOUSTON 


SEND FOR THIS — 


IT’S FREE? 


Every geologist and engineer should have this book- 
let. It shows actual foot by foot formation logs and 
corresponding Geoanalyzer curves for major oil dis- 
tricts of California, and gives pertinent geological 
information, too. Send Coupon today before you 
forget ... there’s no obligation whatever! 


GEOANALYZER CORPORATION 
2555 American Ave. Long Beach, Calif. 


2 
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\ 
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) Please send me Geoanalyzer booklet on electrical logging. hs, is 
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PETROLEUM DEVELOPMENT 
AND TECHNOLOGY, 1937 


Transactions A.I.M.E. 
Volume 123 
(690 pages) 


CONTENTS 


Chapter I. Production Engineering 
Chapter II. Engineering Research 
Chapter III. Stabilization 
Chapter IV. Petroleum Economics 
*Chapter V. Production (Statistics) 
Domestic 
Foreign 
Chapter VI. Production Engineering Education 
Chapter VII. Refining 


* In this volume the chapter on petroleum production is more complete in detailed statistical informa- 
tion than ever before in the Petroleum Development and Technology series. In this respect the reports on 
California and Kansas deserve special notice. Venezuela is covered much more extensively than in previous 
volumes and this year there is a report on India. 


Cloth bound, $5 to Nonmembers 


Canadian and Foreign Postage $0.60 extra 


A copy has been mailed to members of A.I.M.E. who have previously requested it. Members 
are entitled to this volume without charge, provided they have not already received or indi- 
cated their choice of another divisional volume. Those desiring this volume in addition to 
any other divisional volume are entitled to one copy at the cost price of $2.50. 


The Secretary, American Institute of Mining and Metallurgical Engineers 
29 West 39th St., New York, N.Y. 


Please send me .......... copies of Transactions, Petroleum Development and Technology, 1937. I 


Remittance with order will be appreciated 


|| 


Bulletin of The American Association of Petroleum Geologists, July, 1937 xxvii 


A Sequel to Geology of California 


STRUCTURAL EVOLUTION 
OF 


SOUTHERN CALIFORNIA 


By R. D. REED 
Chief Geologist of The Texas Company (California) 


and J. S. HOLLISTER 
Geologist of The Texas Company (California) 


CHAPTER HEADINGS 
I. INTRODUCTION 
II. DiastropHic History: Lower Mesozoic epeirogeny, Pre-Cretaceous orogeny, 
Post-Franciscan Mesozoic epeirogeny, Cretaceous folding episodes, Cenozoic 
epeirogeny 
III. NORTHERN GEOSYNCLINAL BASIN AND COALINGA DISTRICT 
IV. MOHAVIA 
V. THE CALIENTE MOUNTAIN DISTRICT AND SALINIA 
VI. THE SAN RAFAEL AND SANTA YNEZ MOUNTAINS 
VII. VENTURA BASIN 
VIII. ANACAPIA 
IX. SOUTHERN GEOSYNCLINAL BASIN AND THE Los ANGELES BASIN. 
X. SUMMARY AND CONCLUSIONS 


“*This book is in a sense a sequel to Geology of California, which contains only briet and casual discussions 
of the subject of structural evolution. In order to write the present account we found it necessary to compile a 
large amount of geologic data, some of which did not exist at the time the earlier book was written. This new 
information and some new ideas that my during the acquisition and compiling of new and old informa- 
tion have led to conclusions not always in harmony with those previously expressed.” 


—Authors’ Preface 


The edition of Reed’s Geology of California (1933) is completely exhausted. The present work on Southern 
California will be found equally acceptable in class room, library. and oil company ofhce. It is well illustrated 
especially with a large 9-color tectonic map, extra copies of which on unfolded ledger paper will be found 
particularly practical. 


@ 157 pages, reprinted complete from December, 1936, A.A.P.G. Bulletin 
@ 8 half-tone plates, 57 line drawings, 6 tables 

®@ Tectonic map in colors, folded in pocket. 27 x 31 inches 

© Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches 


ORDER FROM 


The American Association of Petroleum Geologists, Box 1852, Tulsa, Oklahoma, U.S.A. 
Inclosed is $————, for which please send postpaid to the undersigned: 
copy (copies) cloth bound Structural Evolution of Southern California ($2.00 per copy) 


—— extra copy (copies) tectonic map in colors, on ledger paper, in roll, suitable for mounting or framing 
.50 per copy) 
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For 


1010 Walnut Street 
Kansas City, Mo. 


SEISMOGRAPH RECORDS 


EASTMAN RECORDING 
PAPERS 
PREPARED DEVELOPER 
AND FIXING POWDERS 


Supplied by 
EASTMAN KODAK STORES, INC. 


1504 Young Street 
Dallas, Texas 


JOURNAL OF 
GEOLOGY 


a semi-quarterly 
Edited by 
ROLLIN T. CHAMBERLIN 


Since 1893 a constant record of 
the advance of geological science. 
Articles deal with problems of 
systematic, theoretical, and funda- 
mental geology. Each article is re- 
plete with diagrams, figures, and 
other illustrations necessary to a 
full scientific understanding. 


$6.00 a year 
$1.00 a single copy 


Canadian postage, 25 cents 
Foreign postage, 65 cents 


THE UNIVERSITY OF CHICAGO PRESS 


“There Can Be No Finer Map 
Than a Photograph of 
the Land Itself” — 


EDGAR TOBIN AERIAL SURVEYS 


SAN ANTONIO, TEXAS 
Pershing 9141 


HOUSTON, TEXAS 
Lehigh 4358 
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THE B & L KW MICROSCOPE 


10 THE GEOLOGIST 


Whether it’s for laboratory use or for use 
on an exploring trip under the most rig- 
orous field conditions, the B & L KW 
Microscope meets every requirement of 
the geologist. Optically or mechanically 


it cannot be surpassed. 


Having an unusually wide field with a 
long working distance, it enables the easy 
examination of large irregularly shaped 
objects, while much more information 
as to the structure of the object is re- 
vealed by the stereoscopic image it shows. 
The Binocular eyepiece combined with 
its high eye level makes this microscope 
extremely easy on the eyes. For complete 
description and prices, write Bausch & 
Lomb Optical Co., 610 St. Paul Street, 
Rochester, N.Y. 


The B &@ L BKW Microscope with 
base and mirror 


BAUSCH LOMB 


+++. WE MAKE OUR OWN GLASS TO 
INSURE STANDARDIZED PRODUCTION 


FOR YOUR GLASSES INSIST ON BaLl 
ORTHOGON LENSES AND B &L FRAMES... 
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GEOLOGY OF THE 
TAMPICO REGION, MEXICO 


By JOHN M. MUIR 


Member, The American Association of Petroleum Geologists 
, The Institution of Petroleum Technologists 


CONDENSED TABLE OF CONTENTS 


PART I. INTRODUCTORY. History. Topography. Drainage. (Pages 1-6.) 
PART II. STRATIGRAPHY AND PALAEOG OGRAPHY. Palaeozoic. Mesozoic. Tertiary. 


7-1 

PART III. {GNEOus ROCKS AND AGES. Oil. (143-158.) 

PART IV. RAL STRUCTURE AND §S E OF OIL FIELDS. Northern Pigtds 
Southern Fields: Governing Porosity, Review of Pre- 
ee Features, Sreraeets Description of Each Pool and ield, Natural Gas, 


a -Oil Occurrences. (159. 
Oil Temperatures. Salt-Water. Temperatures. Well Pressures. Stripping Wells. 


qoaetng and Acid Lionas Stratigraphical Data in Miscellaneous Areas, List of 


Wells at Tancoco. (226-236.) 
BIBLIOGRAPHY 237-247).. LIST OF REFERENCE MAPS (248). GAZETTEER (249-250). 


(251-280). 
© 280 pages, including bibliography and index 
© 15 half-tones, 41 line drawings, including 5 maps in pocket 
® 212 references in bibliography 
® Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches 


$4.50, post free 
$3.50 to A.A.P.G. and iat 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 


London: Thomas Murby & Co., 1, Fleet Lane, E.C. 4 


APPENDIX. 


INTERNATIONAL CALENDAR FOR 
GEOLOGISTS and MINERALOGISTS 1937 
Published by the 
GERMAN GEOLOGICAL SOCIETY, BERLIN 


Edited By 


Edmund Beyenburg 
Geologist of the Prussian Geological Survey 


Part I: Alphabetical list of geologists and mineralogists of the world, with their 
addresses, pp. 1-376. 


Part Il: Geographical list of geological surveys, research institutions, colleges and 
universities, museums, associations, with their addresses and personnel, pp. 377-581. 


42 + 588 pages. 5 x 7.25 inches. Paper Cover. Price, RM 10. 
25 per cent discount on orders outside Germany 


FERDINAND ENKE, VERLAG 
STUTTGART-W, HASENBERGSTEINE 3 
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THE GEOLOGY OF 
SOUTH-WESTERN 
ECUADOR 


BY 
GEORGE SHEPPARD 
State Geologist of the Republic of Ecuador 
With a chapter on THE TERTIARY LARGER FORAMINIFERA OF ECUADOR 


By THOMAS WAYLAND VAUGHAN : 
Director of the Scripps Institution of Oceanography, LaJolla, California 


The first book on the geology of Ecuador to be published in English. 
The author has spent 10 years in studying the area. 


The chapters on petroleum and on the foraminifera are of special interest to oil-field 
geologists. 


The book is also of interest to geographers. 
Published by Thomas Murby & Co., in London, 1937. 


275 pp., 195 illustrations, maps, and diagrams. 544 x 844 inches. Cloth. 
PRICE: Postpaid and import duty paid, $7.00 
Specimen pages sent on request 


The American Association of Petroleum Geologi 
ORDER FROM Box 1852, Tulsa, Oklahoma -_ 


OIL AND GAS GEOLOGY 
of the 


COASTAL PLAIN IN ARKANSAS 


By W. C. SPOONER 
With a chapter on UPPER CRETACEOUS OSTRACODA 
By MERLE C. ISRAELSKY 


This new book is privately printed and published from manuscript obtained from 
the ARKANSAS GEOLOGICAL SURVEY, GEORGE C. BRANNER, STATE 
GEOLOGIST. It is not designated as a State report, though it is the same material 
which the Survey would have published had public funds been available. It is, 
therefore, not obtainable through the usual Survey distribution. 


XXXII and 516 pp., 95 figs., 22 pls., 57 tables. 6 x 9 inches. Cloth 
A FEW COPIES REMAIN: $5.00, POSTPAID 


Order from 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 1852, TULSA, OKLAHOMA 
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COMPREHENSIVE INDEX 
OF THE 
PUBLICATIONS OF 
THE AMERICAN ASSOCIATION 
OF 
PETROLEUM GEOLOGISTS 


1917-1936 


‘ By 
DAISY WINIFRED HEATH 


“The publication of this Comprehensive Index may be taken as a memorial to the accomplishments 
of The American Association of Petroleum Geologists during the first twenty years of its existence. The 
twenty vol of the Bulletin and the special publications contain a contribution not only to petroleum 
geology in a strict sense of the term but also to the science of geology in its broader aspects of which 
every member of the Association may well be proud. Certainly, the contribution of the Association to 
geology compares favorably with that made by any similar society to any of the sciences in an equal 
length of time.’"—L. C. Snider, Editorial Note. 


A.A.P.G. PUBLICATIONS INDEXED 


The Bulletin, Volume I to Volume XX. 1917-1936 
Geology of Salt Dome Oil Fields (out of print) 1926 
Theory of Continental Drift (out of print) 1928 
Structure of Typical American Oil Fields, Volume I 

(out of print) 1929 
Structure of Typical American Oil Fields, Volume IU 1929 
Stratigraphy of Plains of Southern Alberta 1931 
Geology of California (out of print) 1933 
Problems of Petroleum Geology 1934 
Geology of Natural Gas 1935 
Geology of the Tampico Region, Mexico 1936 
Gulf Coast Oil Fields 1936 
Structural Evolution of Southern California 1936 


382 pp. Alphabetical key letters set in running page heads. 63/4 x 91/2 inches. Each paid-up member and 
associate will be sent, free, one copy. Members and iates may buy extra copies at $2.00. Non-member 
individuals, companies, and institutions may buy copies at $3.00, postpaid. 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E.C. 4 
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EXPERIENCE! 


Our crews have worked in 
nearly half the States of the 
Union, in Canada, Mexico, 
Venezuela, Colombia, and 
Ecuador. 


That is part of the back- 
ground that enables us to 
give our customers a maxi- 
mum return on each dollar 
invested in seismograph 
surveys. 
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Proof of the superiority of Hughes Core 
Bits is found in their universal ——— 
by the industry—an acceptance based 

entirely on results obtained in the field. 


Hughes Core Bits—both hard and soft - 


formation type—really “bring the bottom 
of the hole to the derrick floor.” Designed 
to produce unusually large cores, they have 
thoroughly proven their dependability at 
all depths. 


Of course, Hughes Core Bits are “favor- 
ites’ —when preference is based on results. 


HUGHES TOOL COMPANY - HOUSTON, 


TEXAS, U.S. A. 
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